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This volume forms a part of Ths ^oibncb o9 
Railways. It is embodied therein because the 
author knows of no good reason why engineers 
and firemen and others connected with the mo- 
Uve power department of railroads should not 
desire to know something about railroads gener- 
CTally, as well as others in the service. Certainly 
nobody of men offers better material to select 
from in choosing the officers of railroads, provid- 
ed they study the subject of railroading as a 
whole. The preparation of this volume occu- 
pied many years, and during that time the 
author submitted it for approval and revision to 
many men of eminent talent and great experi- 
ence in connection with the specific subjects of 
which it treats. Indeed, throughout the prepa- 
ration of this and other volumes embraced in 
The Science of Railways he actively sought 
the aid and advice of experts so that he might 
confidently offer to the reader something really 
useful and worthy of consideration. The engrav- 
ings the work contains have for the most part 

(V) 
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been prepared expressly for it, and are so com- 
plete that it is no exaggeration to say that 
nothing so extended has ever before been at- 
tempted in connection with any railway publica- 
tion of this character, nor can more, it is believed, 
be desired by those studying the subject. In view 
of these facts, and because of the valuable aid 
and assistance the author has received, he begs 
to offer the work to railway men, and to re- 
spectfully dedicate it to them. 



INTRODUCTION TO 
THE SCIENCE OF EAILWATS. 

I do not set out to wri i exhaustive account 
q( railway affairs, but r her to discuss those 
things which every raib 1 man may reasonably 
desire should form a p; t of his knowledge, if not 
of his experience. In the early history of rail- 
roads ignorance was general. This is no longer 
the case. Railway men now recognize that they 
' most not only know thoroughly the particular 
imk assigned them, but have more than a cur- 
sory knowledge of the duties of others. No man^s 
experience is, in itself, wide enough to command 
this knowledge, and it is the object of this work, 
the result of nearly fifty years* practical experi- 
ence and extended research, in some measure to 

supply. 

The ancients believed the world ended where 
their vision ceased. Beyond was nothing; a void, 
simply. And so it is with ignorant men. They 
are insensible to the value of knowledge; to the 
accumulated experience of mankind. It lies 
beyond their vision or comprehension. Its inval- 
uable treasures are to them as if they were not. 

(7) 
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Not only this, but they resent knowledge in oth- 
ers. In the early history of railroads, books and 
treatises on the subject were angrily rejected by 
practical men, and the writers thereof he)d up to 
contumely. Fitness was based solely upon indi- 
vidual experience; upon the kaleidoscopic views 
of the needs of railroads which began and ended 
with particular persons. This is no longer the 
case. To-day knowledge in regard to railway 
operations is sought wherever it can be found. 
Men no longer rest content with th,eir own 
experience. Books and treatises, which would in 
earlier days have been ridiculed or angrily re- 
sented as an impertinence, no longer irritate the 
egotistical nor excite outward expression of aver- 
sion upon the part of the obdurate and narrow- 
minded. Because of this spirit the railway world 
is ceasing to be a benighted region wherein men 
grope about in semi-darkness — the blind leading 
the blind. Its votaries are not only enlightened 
and tolerant, but anxious to avail themselves of 
the knowledge and experience of others. This 
spirit grows so rapidly that we may confidently 
look forward to the time when it will be every- 
where recognized as necessary that railway men 
shall not only possess personal experience and 
skill, but also familiarity with the skill of others. 
Then an oflScer or employe, instead of being a 
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mere speck on the railway horizon, will be a 
center of light, familiar not only with his own 
department of work, but, in a general w^y, with 
the whole railway world. Thus his mind will be 
liberalized and his intelligence strengthened and 
deepened. 

Bailways are still in a state of evolution, and 
continue to take on each day the complexion of 
khose who operate them. Every thing in which 
man is interested, like himself, advances or re- 
cedes. There is no stationary period. This is true 
of laUroads. At this time they are on the up- 
waid plane. That which seems perfect to-day is 
bettered to-morrow. So that since the first edi- 
tion of my books was issued I have labored un- 
ceasingly, not only to improve them, but to sup- 
ply their shortcomings, until now the work is 
recognized by railway men as a library on the 
subject, having for its object the presentation of 
the underlying principles of all departments and 
the accepted practices that prevail therein. The 
object of such books is to present to railway men 
sources of information from which they may 
glean the facts that urge men in every depart- 
ment of human endeavor to achieve the highest 
results attainable and to provide them with easily 
accessible knowledge necessary in the perform- 
ance of daily duties; for in such knowledge lie 
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advancement and ultimate success. The success, 
of the railroad man of today cannot depend alone 
on physical capacity, integrity, sobriety and in- 
telligence. To these must be added knowledge — 
a knowledge not only special, that is, of the work 
on which he is engaged, but general, that is, of 
his profession as a whole. Only those who have 
this larger knowledge are recognized as worthy 
of preferment or competent to administer depart- 
ments or take executive position. This larger 
knowledge is impossible of attainment by those 
whose daily duties confine them within the nar- 
row compass of routine toil, unless indeed they 
will study and avail themselves of the knowledge 
and experience of others. 

As already stated, I have had (aside from my 
own practical experience of nearly fifty years) 
the advice and active assistance of men of the 
highest constructive and practical talent in the 
preparation of The Science of Railways, and 
so I trust and believe it will prove valuable to 
railway men who seek to enlarge their sphere of 

usefulness. 

MARSHALL M. KIRKMAN. 
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CHAPTER I. 

DSSCBIPTION OF THE LOOOMOTIVB. 

The machinery of the locomotive is so vast and 
involved that its working and details can not be 
clearly explained in print, and to attempt it is to 
tire the reader and dull his enthusiasm without 
enlightening his understanding. The accompany- 
ing illustrations, however, will make plain what 
type is not a))le, unaided, to do. GriBat care has 
been taken to make these cuts so full and clear 
that nothing which can be portrayed in this man- 
ner may be wanting to afford the reader a clear 
understanding of his subject. 

Taking the chapter as a whole, the inquirer 
may derive from it a very intelligent idea of the 
construction of the locomotive and its working; 
but to do this, the matter must be closely and 
exhaustively studied. It must be studied as schol- 
ars study their lessons — consecutively and pains- 
takingly — not hurried nor cursorily. 

The accompanying cuts portraying the loco- 
motive (some fifty in number), taken in connec- 
tion with other illustrations embodied herein 
(of locomotives), leave nothing to be said on 
the subject. In pursuing the theme, it will 
help the reader to a more clear conception of 

13 
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LOCOMOTIVE. 



the locomotive if, before taking up this chapter 
seriatim, be will gQ throagh.it and examine be- 
forehand the cuts illnstrating ihe locomotive 
iu detail. Aftertvard he may take up the chap- 
tor as a whole in the order in which it is pre- 
sented here. 



ICsnldnd looks npon the locomotive as com- 
plete — as a perfect entity. This, however, is a 
mistake. Many problems in connection with it 
are still unsolved, or, at least, only partially so. 
The difficulty has been, and is, to accomplish 
within a compass so limited, within confines so 
narrow, in connection with so restless and unsta- 
ble a body, what the ingenuity of man seeks in 
vain to attain satisfactorily where every condi- 
tion is favorable. 

I shall not attempt to point out specifically the 
defects of the locomotive, but merely to describe 
it as it is. In doing this, however, I shall indi- 
rectly call attention to the things ,yet to be 
achieved; at least it will have this effect with 
experts and others familiar with the machine 
and its . limitations. And in relation to the parts 
which are apparently perfect, they are but steps 
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(01 the ladder leading to something better. It 
will, for' this reason, do goo<^|o keep them prom- 
inently in mind. Han grov^ and, with him, the 
1^>pIiance8 he uses. All that is necessary to 
ensure bis ntensils being bettered is that he 
aboold set to work to make them better. The 
second object I have in view in describing the 
locomotive is to familiarize those who hare no 
pntctical knowledge of it (and never will have) 
intt its constmction and working. Every rail- 
should possess this knowledge. With- 
edncation is incomplete. Its possession 
leo his intelligence and render him 
nore valoable to the com- 
pany he serves. This truth 
U so self-evident that it does 
not need argnment or illns- 
tiation. 

The end sought in a loco- 
motive is to draw the load 
desired with the least ex- 
penditure, including in the 
latter material and wear and 
tear. In the case of passen- 
ger engines speed is a fac- 
tor. In Great Britain it is 
also a factor in connection 
with freight or goods trains, 
Kany railroads are neither 
itraight nor well constructed 
and ballaated. In such cases wear and tear are 
intensified. 




Front View of L 
For namea of the puts Bhown 
above see side view ot tha 
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The locomotive has been aptly described as 
having, like the human body, legs, backbone, 
lungs and stomach. The comparison, however, 
stops short of brains, yet so much brain power 
has been hammered into the machine during its 
construction that it answers to its governing 
power with all the swiftness and accuracy of the 
human system. The accompanying illustrations 
graphically portray the analogy. 

The legs (Fig. 1) are the wheels which carry 
the whole weight. Upon these wheels is super- 
imposed the backbone (Fig. 2), an iron or steel 
frame running the whole length of the locomo- 
tive, on which is placed almost the entire weight, 
which it in turn distributes on the wheels, the 
drivers taking the greatest share to get the nec- 
essary adhesion. The frame consists of two sec- 
tions like the accompanying illustration, some 
four feet apart and bolted together at various 
places. 

In the cylinders (Fig. 3) the actual power is 
developed, and, with their appurtenances, they 
may be called the lungs. 

The stomach (Fig. 4) is the largest part, and 
gives the general appearand^ to the whole. It is 
nothing but an immense boiler with a firebox 
under it. 




HiroMACH FIC * 



20 



THE LOCOMOTIVE. 




In constructing the machine the builder 
lates the cylinder power of the locomotive n 

to move the load req 
over and above the ai 
necessary to over 
weight of locomotive 
tion, air resistance an 
inertia of the machine 
ability of the loc-on 
driving wheel to can- 
ward a load (without 
ping) is said to be 
to about one-fourth ( 
weight on the rail 
each driver.* In ord 
secure tractive power, 
fore, required weight 
portionate to the load 
hauled must be plac 
the driver. It must a" 
remembered that tri 
resistance is dependent 
speed. In practice the weight placed o 
axles of the driver, and so on the wheel an- 
must be proportionate to the strength of th 
this limitation, therefore, influences and 

* The general practice of builders in America is base( 
theory that for passenger engines the weight on the dr 
equal to four to one pound of tractive power; freight > 
four and one-fourth to one, and for switch engines four a 
half to one; or, in other words, in the last case, four and c 
pounds of weight to every pound of tractive power. Tl 
ter Mechanics' Association of America endorsee this f om 



Rear View of Locomotive. 
The parts shown above, not 
Included in the side view of 
the locomotive preceding this, 
are as follows: 66 Throttle lev- 
er. 67 Gauge or water cocks. 
68 Water gauge. 69 Fire door, 
80 Frame tie. 82 Oil-can shelf. 

83 Plugs at arch support pipes. 

84 Damper. 
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mines the power of the machine. Speed is further 
a factor in this, that it increases the destructive 
force on the railb. 

Locomotives may be 
divided into four classes, 
each especially adapted to 
the service it is designed to 
perform; namely, those used 
for switching cars at stations 
or yards, freight traflac, ordi- 
nary passenger traffic, subur- 
ban brafiSc. Switching en- 
gines Qsaally have four or 
six driving wheels, upon 
i^hich, in most instances, the 
whole weight of the loco- 
motive rests. The drivers 
are made to bear the entire 
iveight in order to afford the 
adhesion necessary for start- 
ing heavy trains quickly 

and at frequent intervals. 

These engines also have 

short wheel bases to enable 

thera to go around sharp 

curves and over switches 

branching from the main ax"e^oon"B'r' '' """' 

track at sharp angles. The 

wheels are placed near together, usually between 

the smoke box and fire box. The short wheel 

base of the switching engine renders it unfit 

for general traffic, because of the unsteady 



SecUoiml views of Locomo- 



right). Thepai 
not incluaed I 
of tbe locoQK 



tbe Elile view 



D Pipes carrying drj 



er. ?3 PlBloD. T4 Exlmust 
:zle, 7S Ch&nnel carrying 
lanet Bieain from cjiliider 
imolce-Btack. TaLiTesteun 
.nnel.carrytngfiteamtocyl- 
ertromdry fiteBmpipe, 78 



22 TEE LOCOMOTIVE. 

motion produced when running at a high rate ' 
of speed. 

In the case of passenger traias the light load 
to be hauled permits placing a part of the weight 
of the locomotive on supporting wheels or trucks. 
The trucks carry the front part of the engine. 
One pair of driving wheels is usually placed behind 
the fire box and another pair in front. In many 
instances the drivers are increased to six, and, in 
some cases, to eight. This does not increase the 
adhesive power of the locomotive, but it does 
decrease the weight on each pair of wheels, 
thereby distributing the total weight oh the rails 
over a longer wheel base, aud thus making the 
locomotive less hard on the roadway. If the same 
weight were put upon one pair of driving wheels 
that is placed upon 
four or more, the 
locomotive would 
have the same 
tractive power and, 
with the same cyl- 
inder power, could 
pull a greater load 
than when more 
drivers are used, 
because the extra 
friction of the wheels would be avoided. While 
one or two pairs of drivers are generally suflBcient 
for a passenger engine, three or four, perhaps five 
pairs will be used in the case of a heavy goods 
or freight locomotive. The driving wheels of 
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tiw iattei. axe usually smaller than those of the 
former. 

It is required of tt ine c oyed in snborban 
marrice that they shoe d be > to stop and start 
qni<^y. To do this, co ve most have ' 

more than the nsnal ] ■o 
tian of adhesive wei 'it to 
prevent its slipping, a the 
main valves mnst be i con- 
sbncted as to quickly Imit 
steam to the cylinders and 
exhaust it therefrom. 

Speed is dependent npon 
tiie velocity of the pistons. 
This is achieved throngh 
mnltiplicity of reciproca- 
tions, that is, the reciproca- 
tions multiply the rapidity 
with which the steam acts 
npon the pistons; but, as 
this is limited, it becomes 
necessary to increase the 
size of the drivers in order 
to secure the maximam 
speed desired. This is why 
passenger engines have large 
wheels, while engines not re- 
quired to make great speed 
have smaller ones. 

The velocity required in 
haaling a load is dependent upon the pressure of 
steam on the pistons. For this reason the 




eluded In the aide view of Ih 
loGomoUve, preceding tbli 

iS ReTersing gear Bprlng ca«> 



wheel caallnga. 65 Driving 
vbeel lire. 
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Side View of American Locomotive Truck, sup- 
porting forward end of locomotive. 



power, it is apparent, must be proportionati 
This, however, depends upon the steam produ( 

ing quality of tt 
d^^^ ^^==^ boiler.* Tb 

steam general 
ing capacity < 
a boiler depend 
a, upon the sis 
of the grate an 
fire box, b, upc 
the amount of heating surface provided, and, 
the draught produced by the blast or exhaui 
steam. In the case of stationary engines tl 
great area of the fire box and the facility (( 
draught) afforded by a high chimney cheape 
and amplify the production of steam. In tl 
case of a locomotive the fire box* is restricte- 
while the height of the smokestack is inad 
quate. How then is it possible to produce sufl 
cient heat (consume suflScient fuel effectively) i 
generate the quantity of steam required; i 
maintain the water in the boiler at the desire 
temperature; to maintain, in fact, a steam pros 
ure of, say, one hundred and sixty pounds to tl 
square inch? It is through enforced consum] 
tion of fuel — by forcing the fire, so to speal 
This is accomplished, in the main, by the draugl 
occasioned by the escaping steam through tl 
exhaust pipe into the smokestack. It is f urth( 
assisted by dampers at each end of the ash pa 



* The formulas or rules governing these relations are f otu 
in the working tables used by oonstructors of locomotiyes. 
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(whicfa latter is placed immediately below the 
ftn box) to afford the requisite amount of air, 
and secnre fhrongh the intervention of sacfa 
dampers a dne consomption of the gasaiand car- 
bon. The escaping steam through the smoke- 
rtack Serves to create a partial vacaum which, 
Ihe heat from the fire box hastening to fill, 
creates in torn a strong draught and in so doing 
the ignitloD and consumption of the 
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fael. Some engines are provided with an appli- 
ance or. lever which controls, from the cab, the 
intensity of the blast caused by the exhaust 
steam. In other ways, also, free steam from the 
boiler may, when necessary, be discharged 
through an auxiliary blast pipe into the chim- 
ney; but, while a strong draught is secured by 
exhausting steam into the smokestack, a seH- 
ous difiBculty is experienced, in the use of soft 
coal especially, in supplying the requisite air to 



26 TRE LOCOMOTIVE. 

the fire box. This could be drawn wholly from 
beneath were it not for the impossibility of thus 
securing due consumption of the carbon gener- 
ated by the heat as it escapes through the un- 
burned fuel on top of the fire. To obviate this a 
second damper is placed higher up in the fire 
box, usually in the fire door. The consumption 
of fuel is further heightened by careful, I may 
say scientific, firing. As a rule, we may assume, 
when we see great volumes of black smoke issu- 
ing from the smokestack of a locomotive, that 
care is not being exercised in firing or that the 
engine is being overworked. To obviate the 
smoke annoyance (for it is an annoyance to man- 
kind under all conditions) many forms of smoke 
burners have been introduced, both for locomo- 
tives and stationary engines. The need for them, 
however, and the added cost they entail, would 
not be necessary if proper care were exercised in 
firing. 

In working, the fire is regulated from the cab 
of the locomotive by levers attached to the ash- 
pan dampers. Thus the quantity of air pass- 
ing through the fuel is controlled. The door 
through which the fuel is conveyed to the fire 
box is also made use of to regulate the quantity 
of air. 

The supply of steam required from a locomo- 
tive boiler is more irregular than from any other 
kind of a boiler. Thus, when a train is ascend- 
ing a heavy grade the fire must be urged to its 
greatest intensity. When the top is reached 
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tbe demand measurably ceases and steam is 
generated less rapidly. The irregularity, how- 
ever, is not so great in a large boiler as in a 
small one. The former may also be more eco- 
nomically used. 

In order to create the required draught, when I 
rapid combustion is required, in a small boiler, 
the exhaust nozzles must be contracted. By 
this means the back pressure on the pistons 19 » 
increased and, if the blast becomes very violent, 
more or less unconsumed coal is carried through 
the flues and escapes through the smoke stack. 
Ill addition to this waste, more or leas of the 
gases in the fire bos escape, there not beiug J 
sufficient time for their combustion. Moreover, 1 
a boiler bo small that it must be worked to its 
maximam at all times cannot afford a reserve 
of water at a high temperature which may be 
brought into use when necessity requires. On 
the other hand, a boiler of greater capacity can 
store heat for such use when not working to its 
maximum capacity. 

The heating surface of a locomotive is made 
up of the sides of the fire box, the flue sheet, 
crown sheet, and tubes or flues placed within the 
boiler. The quantity of water converted into 
steam by one pound of coal depends upon the 
quality of the coal used and the construction of 
the locomotive boiler. The average performance 
of an ordinary locomotive varies from five to 
seven pounds of water to one pound of coal. 
Locomotive boilers consume in the neighborhood 
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of twenty-five hundred pounds of coal per hour, 
according to the work performed. The maximum 
amount of combustion per hour is, approximately, 
one hundred and twenty-five pounds of coal to 
each square foot of grate surface. This requires 
twenty square feet of grate surface to bum 
twenty-five hundred pounds per hour. For each 
square foot of grate surface from fifty to seventy- 
five square feet of heating surface are necessary. 
Quality of fuel, however, has much to do in gov- 
erning the proportion of the heating surface to 
the grate surface. Wood and good bituminous 
coal do not require so large a grate as anthracite 
coal or poor fuel. 

The limited surface of water possible to be 
heated directly by the fire box is overcome by 
the flues in the boiler of the locomotive. The 
draught occasioned by the steam blast through 
the smoke-stack draws the flames and generated 
beat into the flues and, as these flues are envel- 
oped in water, the latter quickly becomes heated. 
This is, as is well known, the simple explanation 
of the generation of steam in the locomotive 
boiler. As it increases in force it finds its way 
(when the throttle is opened) into the cylinders 
and thus affords the power that, through the 
pistons, propels the machine on its way. The 
heating surface of the tubes, or flues, varies, of 
course, on different engines according to the size 
of the boiler and the power required. A large 
locomotive may have tubes with a heating sur- 
face of eighteen hundred square feet which, with 
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tikie heating snrfe^ of the fire box amounting to* 
say, two hundred feet» will afford a total heating 
snrfaee of two thousand square feet. The 
approximate evaporation of such a boiler may 
be estimated at thirty-five hundred gallons of 
water per hour, or, say, four hundred and ninety 
cubic feet. 

A small tube of a given length affords a greater 
amount of heating surface in proportion to the 
space it occupies^ than a large one, and as the 
size and weight of the locomotive boiler are 
necessarily limited and the required amount of 
heating surface must be obtained within that 
space, small tubes are employed. However, be*- 
cause of their liability to become stopped up with 
particles of unconsumed fuel or cinders, a tube of 
less than two inches diameter is not thought to 
give the best results. Moreover, small tubes may 
be made of thinner metal than large ones, and by 
their use the heat from inside is thus more rap- 
idly conducted to the water in the boiler than 
when heavier metal is used. This, when rapid 
combustion is taking place, is, as may be sup- 
posed, an important advantage. 

The number of tubes in a boiler is regulated 
with a view to affording the water sufficient space 
in which to circulate freely and the steam to 
escape. In this last connection it must be borne 
in mind that the rising steam produces a certain 
disturbance (ebullition) of the water, which, if 
adequate space is not provided, will result in parti- 
cles of water being raised and carried with the 
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steam into the cylinders, producing what is tech- 
nically called "priming/^ Aside from the loss 
of power and inconvenience this engenders, the 
pistons, cylinders and cylinder heads are there- 
by endangered through the undue strain thus 
brought to bear. 

The boilers of locomotives were formerly made 
of wrought iron, but soft steel has, to a great 
extent, taken its place. The latter is of more 
uniform quality than iron, and is thought to 
be better adapted to resisting the great strain 
upon it. Material used for boiler plate must be 
tough, ductile and tenacious, and of close and 
uniform texture, in order to satisfactorily meet 
the requirements of the situation. The plates of 
the boiler are fastened together with rivets which 
are inserted when red-hot into holes in the plates. 
When the rivets cool they contract and, in doing 
so, draw the plates more closely together. The 
seams are then tightened by calking. As the 
seams are manifestly the weakest portion of the 
boiler plate, it is necessary that care should be 
exercised to make them as strong as possible. 

The boiler and other steam chambers of the 
locomotive are overlaid with wood or some plas- 
tic material which hardens and which is also, so 
far as possible, a non-conductor of heat, so as to 
prevent its loss by radiation. This covering is 
more or less commonly known as boiler lagging. 
It is covered with Russia iron or sheet steel in 
order to hold it in place and to present a better 
appearance as well. 
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l%e cylindrical parfc of the boiler coataining 
the water (tbroagh which the fines from the fire- 
box paaa) is reqtared to be of sufficient strength to 
withiBtaiid the lateral and end strain. The forma- 
tion of the boiler being a complete cylinder ren- 
ders the former comparatively easy. Tlie other 
is more difficult. The strain at the fo^ard end 
of the boiler is overcome, in a measure, by the aid 
of tlw tubes and partly by longitudinal' stay- 
rods. In connection with the fire box so many 
flat surfaces are presented that it is nec^sary to 
increase the bracing to make np for the lack of 
strength due thereto. This is done by means 
of stay-bolts passing through from the onter to 
tiie inside sheet and riveted over on both ends. 
The crown-sheet, of the old crown-bar type, is 
secnred by crown-bars running across the entire 
width of the fire box, and the crown-sheet is sup- 
ported by bolts running from the bottom of the 
crown-sheet to the top of the crown-bar and 
secured by bolts or rivets; the crown-bars are 
also re-inforced by braces which are secured 
to the dome and wagon-top of the boiler. The 
radial stay type of fire box is circular in form 
and is secured by stay-bolts. The type of fire- 
box boiler known as the "Belpaire" is similar 
to the crown-bar fire box, with the exterior 
sheets flattened, the sides conforming to the 
shape of the crown-sheet of the fire box and 
secured by stay-bolts. 

The practices by which the safety of the boiler 
is made secure are not uniform, because of the 
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shape of the fire box, and for other reasons. 
These practices are not, therefore, susceptible of 
complete elucidation here. Moreover, the obscure 
nature of the obstacles to be overcome prevents 
the matter being clearly understood, except by 
the use of models or practical examination of the 
machine itself. 

In practical working the boiler of a locomotive 
must contain suflBcient water to cover every part 
of the metal exposed to the heat in and from the 
fire box, otherwise it will be quickly weakened 
and ruined through over-heating. It is practi- 
cable to keep the boiler filled with water to a 
height of six or eight inches above the top of the 
crown-sheet (i. e., the roof of the fire box). A 
steam space is provided in some designs above 
the water line by elevating the outer shell of the 
boiler over the fire box. A cylindrical dome pro- 
jects from the top of the boiler, and it is from 
this reservoir that the steam is precipitated 
through the dry steam pipe into the cylinder. 
The reason the steam is first collected in this 
reservoir instead of being drawn directly from 
the space above the water, before described, is 
because dry steam is more effective than wet 
steam and, as dry steam rises above wet steam, 
the dome permits their separation. 

Water is supplied to the boiler, to take the 
place of that which has been converted into 
steam, by an injector. This is a device or force 
pump for supplying the boiler with water 
without the intervention of the machinery of 
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tb» loe(uauiii*'e imuu< r than the introduction 
«f a jet of steam from the boiler into the in- 
ledior. The jet of stei a is brought into contact 
vith a supply of wa i; from the tender and 
tfae vater is by this m( forced along with .the 
nmdensed steam into the boiler. While simple 
ia operation, the injector never ceases to excite 
tite admiration of those who observe its working, 
ft ifl to the unscientific mind very much, like a 
nun raising himself from the ground by his boot 
■In^ Its working is, however, in accordance 

side View or &□ Injector. 

with well known laws. The injector is usually 
placed inside the cab, where it will be under 
tie immediate eye of the engineer. I have de- 
scribed the injector in connection with the 
supplying of the boiler with water before re- 
ferring to any other method for accomplish- 
ing this end, because it is superior to all 
others. It is in very general use. However, 
IS a precautionary measure, some locomotives 
Me still supplied with the diminutive apparatus 
known as a donkey engincj operated by steam 
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from the engine, by which the engineer may a 
will (in the event the injector should not work 
force the water from the tank into the boilei 




Seocioa or so Ia]ecu>t.— Operstioo: Valve IS 1h opened by meaaaitf l«*erfl 
vhlch admits water inlo cbuuber 41. Valve IS Is Ihen opened by nMUn * 
lever 17, which lulmlts steam into lube IBa, eBcaplng Into ovenlaw, IhniHi 
Htiag a partial vacuum In chamber 41 by means of commmilcatlon, thnni 
chamber 4B. with valve 34 open, drawing water from tank inlo chamlm 4 
□ozzle 26, and eBcaplni; at overflow. When water thas appears, valTeSI 
opened b; means of lever ID, admitting steam Into noszlea SB, 2S, 87 and > 
forcing checli valve 31 open and forcing the water alreadv in chamber 41 Inl 
delivery pipe, thus supplying the boiler. Water li regulated by Talre !>. I 
shut the Injector oIT. valve 8 la closed. 

1 Body (back part). 2 Body (front part). 3 Body acrew. « Yoke. B Yoi 
glaod. e Yoke packing nut 7 Yoke lock nnL 8 Steam valve dUo aod ua 
S Steam valve Hplndle. 10 Steam valve handle. II Steam valve mbberhandl 
19 Steam valve top nut. IS Jet valve dlee and nut. 14 Jet valve eplndli 
16 Jet valve bonnet and nut. IS Jet valve gland. 17 Jet valvo lever hmndl 
13 Jet viilve top nut. ISa Jet tube. 18b Lifting noiile. IB Water Talr 
19a Eccenlrlc spindle. SO Water valve bonnet. 3S Water valve lever bandl 
2S Steamnoiile. ^6 Ititermedlateaozzle. 27 Condensing nozzle. K Dellva 
nozzle. 30 Line check. SI Line check valve. 33 Stop ring. SI Orerflo 
nozzle. 33a Oveifloff chamber wltb nut. S4 Heater cock chsok. S Bean 
cock bonnet and DuL SG Heater cock spindle. S7 Heat«r oock T haodl 
38 Coupling nut— Bleam end. 39 Coupling nnt-irateT end. 40 CoDpUng Di 
—delivery end. 41 Water chamber. 42 Vacuum chamber. SBa Tall pleo* 
sleameod. 31a Tall plec^—water end. 4Da Tall piece— delivery end. 

Note. — The principle of the injeiitor is tally described ui 
illnBtrated in another volume. 
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The boiler may 
also be supplied 
with water by 
a force pump 
operated by a 
plunger con- 
nected to the 
cross head of 
the locomotive, 
as shown by the 
illnstration. 
Still other de- 
vices are known 
for supplying the 






Fore« Pump.— Water Is 
IdIo ibe cylinder thioiisb a 
immedltttely when Itae mo[i< 



boiler with water, but as they 
are now rarely, if 
ever, used, an ex- 
planation of them 
here is unneces- 
sary. A check 
valve is usually 
placed at the end 
of the pipe where 
the water enters 
the boiler. Its 
object is to prevent a hiick 
flow of water from the boiler, 
the valve being closed auto- 
matically by the water pres- 
sure in the boiler. 

The boiler is fed and the sup- 
ply regulated accordinf^ to the 
amount of work being done by 
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the engine. If the water m the boiler is too high, 
the steam space is thereby diminished and more 
or less water is carried into the cylinders with the 
steam. The strain thus produced by the move- 
ment of the piston is liable to break the cylinder. 
If the water is too low, on the other hand, 
the crown-plate, or sheet, is in danger of becom- 
ing over-heated and explosion is liable to result 
The height of the water in the boiler is ascer- 
tained by the use of gauge cocks and a glass 
water gauge. The former, usually three or more 
in number, are placed at the rear end of the 
boiler three or four inches apart. The lower 
one should be placed two and one-half inches 
above the crown-sheet. The upper one should 
be slightly above the highest point at which 
water is to be carried, which, it is proper to say, 
is determined by the diameter of the boiler. If 
the water is at the proper height, steam will be 
discharged from the upper cock when open and 
water from the lower one. Should the upper 
cock discharge water for any length of time, it 
indicates there is too much water in the boiler. 
On the other hand, if steam is discharged from 
the lower cock, it is at once apparent that 
there is not enough water in the boiler. The 
water gauge is a steam tight glass tube from 
twelve to fifteen inches in length, communi- 
cating by means of brass elbows with the steam 
in the boiler at the top and the water in the 
boiler at the bottom. Each elbow contains a 
valve worked by a handle and screw. When 
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valves are opened, steam rushes into the 
at the top and water at the bottom, and the 
it of the water in the tube will be on a level 
the surface of the water in the boiler, 
t are very generally known as safety plugs 
are used for guarding against 
the danger arising from not hav- 
ing enough water in the boiler. 
These plugs are hollow and made 
of brass or cast iron, and filled 
with some metal that will melt 
at a low degree of heat. They 
are placed in the highest part of 
the crown sheet. In case the 
n sheet should become over-heated, the 
1 in the plugs melts and runs out, thus 
ing openings by which the pressure in the 
r is relieved and warning given by the 
dng steam. 

important appliance of the locomotive is 
iafety>Talve, designed to prevent the steam 
are in the boiler from exceeding a certain 
. There is a tradition in America that a 
tin on a Mississippi river steamer, who was 
g with the boat of a rival line, sat on the 
]r-valve of his engine in order that no particle 
e steam should escape. This is cited as the 
of daring and foolhardiness. Two valves 
which the device is provided are placed in 
Dp of the dome, so that in case one should 
at of order the other may operate. They are 
)n8tracted that whenever the pressure of 
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steam exceeds the limit which the boiler i 
posed to be able to safely bear, the valve 
automatically and the steam is afforded a : 
of escape. The noise of the 
rushing through the safety-va 
lessened by divi'ding or breaki 
the current before it emerges in 
air. With the modem device foi 
steam in connection with the i 
or, already described, surplus 
which would otherwise escape tb 
the safety-valve and be wastec 
a measui-e, utilized by the en§ 
There are various forms or pa 
for the safety-valve. No devi< 
received greater attention thai 
yet, with all the thought given to the mai 
IS still not satisfactory. A form very co 
n America is represented in the accompa 
llusti-ation. 

The steam gauge is another important c 
It is an instrument by which the rum) 
pounds of steam pressure per square inch i. 
cated by an index or pointer on a dial.* 

We often speak of a lo 
tive as an engine. This is 
er in one sense, and im] 
in another. The locomo 
propelled by two engin 
from a common boiler, 
steam cylinders opers 
Interior of sieamoauKe. these euglnes Vary in sii 

•The automauc 
locomotives, and U 
volume. 
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form very common in America 
has a bore of eighteen inches 
diameter, and a stroke of the 
piston of twenty-four inches. 
By the stroke of the piston is 
meant the distance it moves 
in the cylinder. This distance 
is twice the length of the 
crank, measured from the cen- 
ters of the shaft and crank-pin. Absolute accu- 
racy is required to be observed in boring the 
cyhnder. Briefly summarized, the operation of 
the engine is as 
follows: The en- 
gineer, by the man 
ipalation of the 
throttle level 
opens or close.s the 
valve in the dnme 
of the boiler. Thus 
steam is admitted 
or shut off from 
the cylinders. 
OnpuUingopeu 
the throt- 
'lethe steam 
finds its way 
from the 
'ti-am -chest into 
the cylinder 
through a 




'orjiorti devised for that purpose. The arrange- 
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ment of the valve and its movements are such 
that the ports through which steam is admit- 
ted into the cylinder are, alternately, each open 
during only a portion of the stroke of the piston. 
The steam enters the cylinder at one end, and in 
doing so forces the piston (which moves back 
and forth in the cylinder) to its opposite extrem- 
ity. After the piston has made a part of its dis- 
tance (stroke) the port through which steam is 
passing into the cylinder closes without allowing 
the steam thus admitted to escape until the pis- 
ton has nearly reached the end of its journey. In 

operation, the expansive 
action of the steam ad- 
mitted to the cylinder 
exerts a diminishing pres- 
sure on the piston until 
the exhaust port is 
opened. When the stroke 
is completed the steam 
escapes through the ex- 
haust port into the air. 
At the instant the steam 
ceases to act (i. e., at the 
completion of the stroke) 
a new supply is admitted at the other end of the 
cylinder, thus forcing the piston back to the 
opposite extremity, when the exhaust steam 
escapes, as before. It is this constant action and 
re-action of the piston within the cylinder that 
transmits power to the piston rod and thence to 
the coupling rod, which in turn is attached to the 




End View of Cylinder (cylinder 
head removed) with the steam 
chest shown in section at **a" "a** 
of preceding Illustration. 
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onuik pin or (if it is an inside-cylinder engine) to 
tibe drank shaft, thus causing the driving wheels 
to revolve; 

The action of the steam within the cylinder 
18 rmy simple. It is, however, the key to the 
whole situation. In regard to the mechanism 
of the, cylinders, accurate adjustment of the 
valves for admitting the steam and allowing it 
to escape, and the djae proportion of the parts^ 
are absolutely essential to the smooth and 
eeonomi<»l working of the machine. The piston 
must be steam tight. It is prevented from leak- 
ing at the sides by metal packing. The pressure 
of the piston against the sides of the cylinder 
is equal to the pressure of the steam within 
the cyUnder. The orifice through which the 
piston rod works in the end of the cylinder is 
also made steam tight by the use of packing. 
Speaking on this subject, an authority on such 
matters says: "The piston is made steam tight 
against the side of the cylinder by elastic metal- 
lic packing. Many kinds of metallic pistons are 
in use, but I know of none so good, for locomotive 
purposes, as that simple one invented by Mr. 
Ramsbottom, which bears his name, and which 
consists merely of a few grooves (three com- 
monly) turned in the piston body, into which are 
sprung pieces of D-shaped wire (for the rings are 
little more) which press outward against the 
interior of the cylinder, and bear upon it with 
steam-tight contact. It is, of course, desirable 
that while the piston should move steam-tight in 
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the cylinder, it should also move with the least 
possible friction. ... In order that a piston 
may be safe against leakage, it is necessary that 
the ring should bear upon the cylinder with a 
pressure at least equal to that of the maximum 
force of steam within the cylinder, because if 
this condition be departed from, and if steam 
leak in at any part between the surface of the 
ring and the interior of the cylinder, it will press 
upon the ring, drive it backward, and will pass 
on; but this pressure is a pressure per inch of 
surface, therefore the less surface there is in con- 
tact, the less will be the actual pressure, and the 
less, therefore, will be the actual friction; obvi- 
ously, for these reasons, it is desirable to dimin- 
ish the width of the bearing surface of the rings 
as much as possible in practice, and that it is 
which is done in the Ramsbottom piston. More- 
over, the use of such a piston diminishes the 
wear upon the cylinder, while the wear of the 
rings is unimportant, as although they may re- 
quire frequent renewal, say every six months^, 
their total cost, even in a large locomotive, is 
only a few shillings."* 

Continuing our description, the end of the pis- 
ton rod farthest from the cylinder is attached to 
a square piece of metal or cross head which 
works back and forth in a rigid horizontal frame 
running parallel with the piston rod. In many 
cases the frame is on the side of the piston rod, 
but sometimes above it. This frame is called a 

* Mr. John Wolfe Barry. 
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guide bar. Its pur- 
pose is to prevent 
the connecting rod, 
in the rotary mo- 
tion given it by the 
crank pin, from de- 
flecting the piston 
rod from the exact 
angle at which it 
enters and traverses 
the cylinder. In 
some instances the 

connecting rods of the locomotive are attached to 
the crank shaft between the driving wheels. In 
such cases the cylinders are also placed within the 
frame of the locomotive, i. e., between the wheels. 
These are called inside cylinders. When the con- 
necting rods are attached outside of the driving 
wlieels to the crank pin, the cylinders are called 
outside cylinders. Both forms have adherents, 
])ut the judgment of constructors and operators 
inclines more and more to the outside cylinder. 
Tlie inside form has the merit of a shorter steam 
passage and greater facility in securing the cylin- 
der and keeping it heated; also in more secure 
fastenings for the guide frame, and avoidance of 
interference with the bars which couple the driv- 
ers together. Other advantages might be named, 
l)ut the crowded space within which the cylin- 
ders with their appurtenances must be placed, 
and the increased cost of constructing axles 
with the crank forgings, together with other 
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objections, more than offset the advantages of the 
inside cylinder. In the case of outside cylinders 
the natural difSculties which attend the coupling 
of the drivers are increased by the necessity of 
attaching the connecting rod to the outside face 
of the wheel. On the other hand, the slight re- 
sistance (friction) attending its working compared 
with the considerable resistance of the connecting 
rod when fastened to the axle between the drivers 
more than offsets any objections. By placing the 
cylinder outside, necessary space is left beneath 
the boiler for the gearings. Outside cylinders 
must, per contra, be set on brackets where they 
can not be kept hot. Moreover, the steam must 
travel a long passage, relatively, to reach them. 
These are serious objections. However, notwith- 
standing these objections and still others which 
might be named, the practice of putting the 
cylinders outside the wheels and frames is very 

general in America. In 
some parts of Europe, and 
especially in England, the 
inside cylinder is more 
favorably regarded. 

The steam pressure in the 
cylinder may be known at 
the various points of the 
stroke of the piston by the 
use of an indicator desimed 

Section of Indicator. . . . . n j 

especially for that purpose. 

In its practical working the steam acts upon a 

piston, upon which rests a spiral spring, which is 
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gradaated to suit the pressure under which the 
engine is worliing. The piston is coupled to the 
pencil arm by means of a parallel motion, and 
the pressure in the cylinder is recorded upon a 
card which has been placed around the drum o£ 
the indicator referred to above. 

As the fixtures of the locomotive have grown 
in number and the size of the cylinders has 
inereaeed, rearrangements of the cylinders and 
Talvee have from time to time been foand 
necessary. This has, perhaps, been more trne 
of inside than outside cylinder engines, there 
being in the latter case abundant space. As 
reganls the constractiou of the cylinder, there 
is practically no difference between the inside 
and the ontside forms. Reference has already 
been made to the packing used in connection 
with the cylinder, including that designed to 
prevent the escape of steam through the open- 
ing through which the piston rod works. The 
head of the cylinder (i. e., the forward end), is 
fastened on with bolts so it may be easily re- 
moved whenever necessary to remove the piston, 
or for any other reason. 

A locomotive is enabled to run either back- 
ward or forward by having two contrary eccen- 
trics for each cylinder; one is fastened to the 
shaft in such a position as to move the valve so 
the engine will run forward; the other is set so 
that the engine will move backward. These 
eccentrics are attached to the opposite ends of a 
link by means of eccentric straps and rods. The 



TSE LOCOMOTIVE. 



purpose of this link is to change the direction of 
motion of the engine by bringing the eccentric 
blade of the desired motion in contact with the 
rocker arm and for giving the required cut-off. 




side View of Eccentrics, Straps and Reversjug Gear. 

When a link is placed with the block at one of 
its ends, steam will follow the piston neatly to 
the end of the stroke and as the link is raised or 
lowered, so as to bring the link block toward the 
center of the link, the cut-off is 
shortened. The rocker arms are 
connected by rods, called valve 
stems, to the main valves.* 

The links are suspended to the 
ends of arms by bars, called link 
hangers. These arms are at- 
End view of Be- tached to what is called a lifting 
verang ear, shaft, which also has anothet up- 
right arm attached to it on the right hand side 

*FuIl description nod illustrations are Kiven in another Tolnma 
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of the engine. This arm is connected by a re- 
versing rod to a reversing lever, worked by the 
engineer in the cab of the locomotive. Its move- 
ment raises or lowers the link. 

The method of governing the action of the 
slide valves and the admission of steam to the 
cylinders (and consequent smooth operation and 

economical working of the 
/ machine, or othei-wise) evinces 
the skill of the engineer. 
How this skill is exercised in 





Engineer's Lever In Connection with Reversing Gear. 



controlling the expansion of the steam in the 
cylinder rather than the opening and closing of 
the valve which admits steam into the cylinder, 
can not be explained with sufficient perspicuity 
to be of sensible aid to the student. The sub- 
ject is pre-eminently one of practical knowledge, 
and what little can be gained from books by the 
new beginner is given in another volume. 

I do not esteem it necessary here to fur- 
ther describe the apparatus by which the 
action of the piston in the cylinder is brought 
to bear on the driving wheel, and so on the train. 
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objections, more than offset the advantages of the 
inside cylinder. In the case of outside cylinders 
the natural difSculties which attend the coupling 
of the drivers are increased by the necessity of 
attaching the connecting rod to the outside face 
of the wheel. On the other hand, the slight re- 
sistance (friction) attending its working compared 
with the considerable resistance of the connecting 
rod when fastened to the axle between the drivers 
more than offsets any objections. By placing the 
cylinder outside, necessary space is left beneath 
the boiler for the gearings. Outside cylinders 
must, per contra, be set on brackets where they 
can not be kept hot. Moreover, the steam must 
travel a long passage, relatively, to reach them. 
These are serious objections. However, notwith- 
standing these objections and still others which 
might be named, the practice of putting the 
cylinders outside the wheels and frames is very 

general in America. In 
some parts of Europe, and 
especially in England, the 
inside cylinder is more 
favorably regarded. 

The steam pressure in the 
cylinder may be known at 
the various points of the 
stroke of the piston by the 
use of an indicator desimed 

Section of Indicator. . , . . • i . 

especially for that purpose. 

In its practical working the steam acts upon a 

piston, upon which rests a spiral spring, which is 
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gnduted to suit the pressure under which the 
an^e is working. The piston is coupled to the 
pen<»l arm by means of a parallel motion, and 
tlui jtressore in the cylinder is recorded upon a 
cud which has been placed around the dram of 
tlie indicator referred to above. 

As the fixtures of the locomotive have grown 
in number and the size of the cylinders has 
increased, rearrangements of the cylinders and 
valves have from time to time been found 
necessary. This has, perhaps, been more true 
of inside than outside cylinder engines, there 
being in the latter case abundant space. As 
r^aids the construction of the cylinder, there 
is practically no difference between the inside 
and the outside forms. Beference has already 
been made to the packing used in connection 
with the cylinder, including that designed to 
prevent the escape of steam through the open- 
ing through which the piston rod works. The 
head of the cylinder (i. e., the forward end), is 
fastened on with bolts so it may be easily re- 
moved whenever necessary to remove the piston, 
or for any other reason. 

A locomotive is enabled to run either back- 
ward or forward by having two contrary eccen- 
trics for each cylinder; one is fastened to the 
shaft in such a position as to move the valve so 
the engine will run forward ; the other is set so 
that the engine will move backward. These 
eccentrics are attached to the opposite ends of a 
link by means of eccentric straps and rods. The 
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All the connecting rods smd shafts mnst. it ia 
apparent, be relative in leng^, size and strength 
to the other parts of the machine; harmony must 
exist throughout. This is true also of the boiler 
and cylinders, which must be proportionate to 
the \oaA to be hauled and the speed to be at- 
tained. These details, incomprehensible to the 
novice, are achieved by following well-known 
practices of construction, aided by demonstrated 
formulas for ascertaining the tensile strength of 
the various metallic parts of which the machine 
is made. These parts, so generally made of iron 
at one time, 




compound 

locomotive. 
Among the 
things claimed 
for the last named is that it saves fuel because 
of the greater degree of expansion of the steam. 



DESCRIPTION OP LOCOMOTIVE. *» 

Its advocates claim that after the steam has 
acted opon the piston of one cylinder (the high- 
pressore) it is conveyed into a larger cylinder 
(the low-pressnre), where it expands' and acts 
again upon another piston before being finally 
ezhaasted throogh the smokestack. The four- 
cylinder compound locomotive has a high-pres- 
sare and low-pressnre cylinder on each side of 
the engine. The two cylinders (high and low 
pressare) of the type illustrated, are cast in one 
piece, with a valve chamber and saddle. The 
valve which allows the steam access to the cylin- 
ders is of the piston type. It is doable and hol- 
low and works in a cylindrical steam chest in 
the saddle of the cylinder casting, between the 
cylinders and the smoke box. This valve con- 
trols the steam ad- 
mission and ex- 
haust of both the 
high and low-pres- 
sure cylinders. 
The steam which 
is exhausted from 
the high-pressure 
cylinder becomes 
at once the supply 
for the low-pres- 
sure cylinder. ,.. „ ^ _. ^^ _. 

^hen the front heada removed). 

bars of the locomotive frames are double, the 
low-pressure cylinder is placed on top, and the 
double rail prevents the use of the ordinary 
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rocker ghaft and box. The valve motion is t 
what is called direct acting, changing the h 
tion of the eccentrics on the axle in relatior 
the crank pin. When the front rails are sii 
hars, the low-pressure cylinder is under the o) 
and the eccentrics are placed in the usual p 
tion. In such case the valve motion is ca 
indirect acting. The most common methoc 
transferring the motion from the links to 
valve rod is by means of a rocker arm, the '. 
block being connected with the lower end of 
rocker arm, and the valve rod to the upper a 
Before starting the locomotive, steam is admi1 
to both the low and high-pressure cylind 
For this purpose a starting valve is provii 
which is opened to admit steam to pass from 
end of the h 
pressure cylii 
to the other, 
thence through 
exhaust to the 1 
pressure cylin' 
It is operated 
the same le 
which operates 
/Ordinary cylin 
cocks. To sec 
harmony, howe 
and to prevent 

S«aono(SlarH.,gVilv«a.dEeli.fCock, loCOmotivC beC 
Compound Cylinder. PoalHon "J" forntail- ing logy, thlS V8 
Inc; poflillon "K" forhlgh-preBBure cylinder ■ -i ■ i j 

leiiefcock. IS kept closed 
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modi as poanble. Be e the usual air valyes 
l^ued in the main ] i of the high-prea- 

nre cylinder and aln in tbe admission porto of 
ttw low-preBanre cyli or, additional air-vaires 
an placed in the 1 pressure cylinders to 
invent ViiB 




ind back cylinder heads of the low-pressure cyl- 
inder. The compound engine is generally similar 
to the ordinary single-expansion locomotive, ex- 
wpt in the respects pointed out.* 

The grate of a locomotive usually consists of 
cast iron bars so arranged that they may be 
eadly moved or shaken. Grates designed for 

•The subject of oomponnd-cylinder enginee nerauB single- 
RpUdoB OTlinder engliiee ie also leferred to in the chapter on 
"^ Erolnti in of the Locomotive" in this volume, but more 
fWtknlmrly snd in great detail, uid with profuse illustrations, 
■ mother volnme. 
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Section Showing Grate and Damper. 



burning anthracite coal are sometimes con- 
structed of wrought iron tubes, through which 
a current of water circulates in order to prevent 
the grate from becoming over-heated. Cinders 
and burning coals are prevented from falling 
through the grate upon the railway track by an 
ash pan, made to fit as closely as possible inside. 

Dampers are pro- 
vided for increas- 
ing or shutting off 
the draught, as re- 
quired. The fire 
box, which affords 
room for the burn- 
ing fuel, is usually 
a rectangular box, about three feet wide, made 
of iron or steel plates. These plates are so 
arranged as to form an inside and an outside 
shell, having a space between them, called a 
water space. This space varies on different loco- 
motives from two and a half to four and a half 
inches. The inner shell in many cases is made 
of copper plates, and has a flat top called the 
crown-sheet, or crown-plate. In America soft 
steel has taken the place of copper. The top of 
the outside shell is generally arched. The two 
shells are united by what is more or less gener- 
ally known as a mud-ring, which closes the water 
space between the two shells at the bottom. As 
the water in the cylindrical part of the boiler of 
the locomotive has free contact with that in the 
water space of the fire box, the shells of the 
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latter are exposed to the steam pressure^ the 
I strain upon the outer and inner shells being in 
[ opposite directions. In order to resist the pres- 
sure thns brought to bear upon them, they are 
strengthened and held together by stay bolts 
serewed through the outer and inner plates at 
short distances from each other. The ends of 
these stay bolts are securely hammered down 
after being inserted into the plates. As much 
depends upon the strength of these bolts, sub* 
jected as they are to the expansion and contrac- 
tion of the steam in the boiler, they are made 
of tiie best quality of material. In the case of Sr 
erown-bar fire box, the crown-sheet is strength- 
ened by strong iron bars bolted thereto and con- 
nected to the outside shell by braces or sling 
stays. The tubes or flues of the boiler are 
attached to the front plate of the inner shell of 
the fire box. This plate is called the flue sheet, 
and is rigidly stayed to the cylindrical part of 
the boiler by braces at the bottom of the latter. 
These tubes carry the smoke and products of 
combustion from the fire box to the smoke box 
and so on out at the chimney or smokestack. 

There are two main methods of firing a loco- 
naotive; one is known as the banking system, the 
other the spreading system. The former, it is 
thought, may be used to advantage when the 
toal is comparatively free from clinkers. The 
coal is banked or piled in the back part of the 
fire box and sloped downward toward the front 
of the grate where it is kept at a white heat 

■^ Vol. I 



TSE LOCOMOTIVE.. 




DESCRIPTION OF LOCOMOTIVE. 



The coal in the back part of the fire box gradu- 
ally cokes and thus the gases are expelled. The ' 
consumption of these gases is aided by tlie admis- 
sion of air at the furnace door, which mixes with 
them. When the bank of coal at the back of the 
tire box becomes coked, it i^s pushed forward onto 
the glowing fire and more coal put in its place to 
go through the same process. The spreading 
metbod of firing, referred to above, is used when 
the coal contains clinkers. The coal is evenly . 
spread in a thin layer over the entire grate. The \ 
success and economy of this method depend upon , 
the regularity with which the fire is fed and the 
layer of coal maintained; also upon the proper ' 
adnnssion of air above the fire. The layer of ' 
L'oal is thicker when the engine is working hard 
Uian when it is doing light work. To obtajn the 
best results, intelligence 
lad observation must be 
eiereised by those in 
chai^ here as elsewhere. 
In order to create a 
ilranght when the loco- 
motive is standing still, 
either before leaving the 
Hrand house or at any 
other place, there is a 
device for letting steam 
into the smokestack 
Erectly from the boiler, 
•his steam represents an expense, as it takes so 
much live steam from the boiler, while that 
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from the cylinders, having already performed its 
office, does not. Because of this, or from a desire 
to husband the supply oi 
steam in the boiler, oi 
because of forgetfulness 
the device in qaestion foi 
creating a draught is not 
always used. 

Another device of tht 
locomotive is the sparl 
arrester, placed below th< 
smoke-stack above tU* 
flue openings. In somt 
countries the use of thii 
device is required by law 
Besides abating a nuisance, it is useful as £ 
precaution against setting tire to property along 
the track. 
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PARTS OF THE LOCOMOTIVE. 



AirPamp Exhaust Pipe. 

Areh Brace. 
'Air Cocks. 
•Air Signal Hose. 
•Air Brake Hose, 

Arch Hand Bail. 
'Alt Pump Lubricator. 
■Air Gauge. 

Aah PanDamper Haadle. 

Air Drum Bracket. 
'AJrDriun. 

AjhP&n. 

*Aii' Brake Pump. 
*.Ur Cut Out Valve. 
;A:rP,impGoreruor. 

•Air Pimip Throttle. 
BnSer Beam. 
Blower. 

Bslince Plate. 
Balanped Valve. 
Uridgeg. 
Bwk Cylinder Head. 

•Boiler Jacket. 
Boiler Sheets. 
Bell. 

|ell Stand. 
Bwfc Up Eccentric. 
Backup Eccentric Rod. 
Met Up Eccenlrie Strap. 
Bbwer Cock, 
Brake Valve Reservoir. 
^riDch Pipe 
J;inder Chute. 
J;jn<ier Chute SUde. 
':;l«amg Door. 
ylinder. 
vjlinder Saddle. 



il laaDmolivea buy In the market train 



Cylinder Head Casing. 
Cylinder Lagging. 
Qyiiiider Cocts. 
Gyliudei Cocks Biggiug. 
Cylinder Casing. 
Cross Head Pin. 
*Crosa Head. (If steel, they 
purchase.) 
Counter Ba,lBnce Spring and 
Kig. 
*Check Valve. 
•Check Valve Case. 
Cirouotfereatial Seam. 
Crown Bars. 
•Chime Whistles. 
Cab. 

Cylinder Cock I,ever. 
"Cylinder Lubricator. 
Cab Bracket. 
Counter Balance Weight 
Dry Pipe Joint. 
•Draw Bar. 
•Draw Head. 
Deflector Plate. 
Deflector Plate Adjuster. 
Draft or Petticoat Pipe. 
•Driving Wheel Tire. 
•Driving Wheel Centers. (They 
purchase if steel; if cast 
iron, they make.) 
•Driver Brakes. 
Driver Springs. 
Driver Spring Hangers. 
Driver Spring Equalizers. 
Driver Spring Hanger Brace 
Driving Box Shoe. 
Driving Box Wedge. 
Driving Box. 
Driving Axle. 
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♦Delivery to Drum. 

*Drip Cock. 

*Dry Pipe. 

Dry Pipe Hangers. 

Dome. 

Dome Cap. 

Dome Casing. 

Extension Front. 

Exhaust Port. 

Engine Truck. 

♦Engine Truck Wheel, (if cast 
iron they make; if wrought 
iron or steel they purchase. ) 
♦Engine Truck Tire. 

Engine Truck Axle. 

Engine Truck Brass. 

Engine Truck Box. 

Engine Truck Pedestal. 

Engine Truck Frame. 

Engine Truck Pedestal Brace. 

Engine Truck Frame Brace. 

Engine Truck Equalizer. 

Engine Truck Spring Hanger. 

Engine Truck Spring. 

Engine Truck Spring Band. 

Engine Truck Spring Pocket. 

Eccentric Connection. Back 
Up. 

Eccentric Connection. Go 
Ahead. 

Expansion Pad. 

Expansion Link. 
♦Engineer's Brake Valve. 

Flagstaff. 

Front Frame. 

Front Cylinder Head. 
♦Flues. 

Frame Brace. 

Frame Splice. 

Fire Door. 

Feed Pipe Hanger. 
♦Feed Pipe. 
♦Feed Pipe Hose. 
♦Fire Box Sheets. 

Guides. 

Guide Yoke. 

Guide Block. 

Go Ahead Eccentric. 

Go Ahead Eccentric Rod. 



Go Ahead Eccentric Straps 

Grate Shaking Rig. 
Gauge Lamp. 

Gauge Cocks. 

Hose Hangers. 

Headlight Step. 

Headlight Bracket. 

♦Headlight Case. 

♦Headlight Reflector. 
♦Headlight Burner. 

Horizontal Boiler Seam. 

Hand Rail. 

Hand Rail Brackets. 

Hand Hold. 
♦Injector. 

♦Injector Overflow. 
♦Injector Throttle. 

Jacket Bands. 

Key. 

Link. 

Link Block. 

Link Block Pin. 

Link Hanger. 

Lower Rail of Frame. 

Main Rod. 

Main Rod Front Stra p. 

Main Rod Connection. 

Main Frame. 

Number Plate. 

Netting. 

Nozzle Stand. 

Nozzle Tip. 

Nigger or T Head. 

Oil Pipe Plug. 

Oil Pipe. 

Oil Can Shelf 

Pilot. 

Petticoat or Draft Pipe. 

Piston Packing. 

Piston Rod. 

Piston Head. 
♦Piston Packing Rings. 
♦Pump Connection. 

Pedestal Brace. 
♦Pump Piston Packing. 
♦Pump Exhaust Connection. 
♦Pump Steam Connection. 
♦Pump Valve Case. 
♦Primer. 
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Parallel or Side Bod, 

Pilot Bracket. 

Quiuirant. 

Kelief Valve. 

Rofiker. 

Kockei- Box. 

Beach Rod. 

Bod Bash. 

Rocking Urates. 

BanDing Boai'd. 

Keverse Lever. 
'Signal Lamp. 

Smoke Arcfi Door. 

Smoke ArcL Front. 

Smoke Arch King. 

Stack Base. 

Smoke Stack. 

Steam Ciiest. 

Steam Chest Casing Cover. 

Steam Cheet Cover, 

Steam Passages to Chest. 

Steam Forts. 

Safely Hanger. 
'Signal Pipe. 

Suspeo!^ian Stud. 
■St.?uiii Bell Ringer. 

Sand Box. 

Sand Box Lever. 

Sand Pipe. 

Side or Parallel Rod. 
•Steam Cylinder Brake Pump, 
"Steam Pipe. 
•Steam Valve. 

Sling Stajs. 
•Stay Bolts. 

Stand Pipe, 
■Safety Valves. 



•Steam Gauge. 

Steam Turret. 
•Signal Whistle. 

•Sand Lever. 

Shake Lever Stub. 
♦Signal Pipe. 
•.Signal Pipe Hose, 

T or Nigger Head. 

Truck Center Casting, 
"Truck Brake. 
*Traia Pipe Connection. 
•Train Pipe, 

Tumbling Shaft. 

Tumbling Shaft Arm. 

Tumbling Shaft Lever. 
"Tube Sheet. 

Throttle Pipe. 

Throttle Valve. 

Throttle Bell Crank. 

Throttle Stem. 

Throttle Lever. 
•Train Pipe, 
•Train Pipe Hose, 

Tail Piece of Frame. 

Valve Yoke. 

Valve Stem. 
•Valve Stem Packing. 

Valve Seat. 

Valve Stem Bod. 

Ventilator. 

Wheel Guard. 

Wash Out Plug. 

Wedge Bolt. 
•Water Pipe. 
•Water Valve. 

Whistle lUg. 
•Whistle Signal Talva 
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CHAPTEE n. 

EKGIKE FAILUB£S AKD BB£AKDOWKS* 

There is, perhaps, no subject that occupies the 
tfaon^t of the locomotive engineer (and neces- 
^rily, also, the engine fireman) more than that of 
«igme failures due to breakdoirns on the road. 
It is the spectre that eternally haunts him, in- 
trading even on his slumbers through dreams that 
^metimes picture the most fantastic dilemmas 
^d disasters. 

It is in the moment of emergency that the en- 
gineer may show his mettle ; so long as everything 
goes as it should and each particular piece of 
Diechanism of his engine responds with precision 
to the pulsating steam released by the throttle, so 
long as every foot of the track is perfect and his 
train glides along smoothly and conforms to the 
schedule with the exactitude of the chronometer, 
ordinary intelligence may cope with the task of 
^iigine-running. But the emergency, which sooner 
or later comes to all, occurs. It is then the man is 
tried. Simple intelligence is not sufficient — that 
^nst be supplanted by courage, nerve, resource, 
^en genius. But ability to apply quickly the 
hiowledge is the thing. Lack of this quality, or 
^\ the knowledge, may paralyze the traffic of a di- 
^'ision or a road and hesitation or ignorance may 
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cause the destruction of life or property. 

No book, of course, can directly supply the qual- 
ities required by those upon whom great respon- 
sibility rests in moments of unexpected danger. 
But, indirectly, such book knowledge may con- 
tribute much towards making men brave, collected 
and resourceful. The great general achieves his 
conquests through bravery bom of an undaunted 
confidence in himself, because he has mastered the 
science of war as set forth in books that reach 
back to the great Caesar of Rome. And so the 
engineer, if he has the knowledge, will, in the hour 
of emergency, be cool, collected and resourceful^ 
and be the master and not the slave of any un- 
toward circumstance. This knowledge will be par- 
ticularly valuable when it becomes necessary to 
modify certain methods, as in disconnecting or 
blocking when certain parts are disabled, and in 
fastening and chaining in connection with the 
springs, driving boxes and other parts, besides 
enabling the engineer to perceive in advance what 
should and must be done if some particular part 
breaks or becomes deranged. 

In this book the subject of engine breakdowns 
is dealt with. It is not pretended that it treats of 
every particular kind of emergency that may arise. 
It would be impossible, first, to collate every kind, 
or, if collated, to include them all in a book — a 
hundred books would not sufl5ce. Moreover, each 
of the numerous classes of locomotives has pe~ 
culiarities of construction (and it may be said 
that each locomotive has its individual peculiari- 
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ties), SO that each engineer must familiarize him- 
self with the details of the mechanism and con- 
atruction of tlie locomotive he operates, so that 
Be may readily apply the principles liere laid 
Aiffn. It would manifestly be impossible to pre- 
Hribe in detail for every class of locomotive in 
Operation, There has, however, been brought to- 
gether here, scores of typical cases, many of 
which have arisen in actual locomotive running, 
and it is believed that familiarity with these will 
famish the cine to the meeting of almost any 
emergency that may occur. 
It is not claimed that the answer given in every 
[ case indicates the very best solution of the prob- 
lem stated — "Many Men, Many Minds." Where 
there is more than one way of doing a thing there 
will surely be differences of opinion. It can only 
be said that what are offered here include the con- 
clusions of practical men who have run engines 
themselves and tell the best they know." After 
all, the greatest value of such books as these may 
be said to He in the suggestions they offer rather 
than the actual directions they give. The ex- 
amples herein set forth are given simply as helps 
and guides. 

Engine failures are generally understood to em- 
brace: 

* Menj of the queBtions and auawera telp.tive to locomotive 
operation were formulated by Mr, W, L, Fteneli,, a practical 
locomotive engiDeer of great experience; tbej have been pub- 
lished from time to time in the "Locomotive Firemen and Engiue- 
taen't Magamie," and are included herein through the courtesj 
of Mr. Jo&i F. McNamee, its Editor. 
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1. Delays occasioned by waiting for an engine 
at an initial terminal (with certain teceptions) 
and 

2. Delays on account of an engine breaking 
down, running hot, not steaming well, having tc 
reduce tonnage on account of defective engine 
causing delay at a terminal or meeting poini 
junction connection. 

In connection with the subject of breakdowns 
it is apparent that supervision of the engine is 
of the utmost importance. Efficient supervision, 
both on the road and in the roundhouse, must be 
constant and thorough. At each arrival and de- 
parture careful inspection must be made by both 
engineer and roundhouse man, and full and ex- 
plicit reports of such inspections by both will tend 
to prevent waste of energy and time caused by 
prolonged debates between departments, through 
improper charging of failures, and will do much 
toward the betterment of the service. 

It is not only essential that inspection should 
be thorough, but it is equally important that all 
failures should be promptly and correctly re- 
ported to the proper officials. It is only from this 
source that the management can know, (1) why 
traffic is delayed and where the responsibility lies- 
(2) ^Hiat defects exist in design or workmanship 
of motive power and what investigations should be 
made or action taken to correct them, and (3^^ 
whether local conditions, such as the topography 
of the country traversed, character of the fue 
or water, or type of locomotive used, render it de 
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sirable to make impruvements in the line or in- 
crease the efBciency of the motive power.* 

lu this field of railway operation, as in all 
others, the necessity and value of co-operation of 
departments is apparent. Here the engineer can 
do much by making his reports accurate and 
definite. It is essential in the proper operation 
of a railway that the real facts should be known — 
for instance, whether hot bearings result from the 
. use of freight engines in passenger serv^ice, or 
leakage is caused by excessive delays on side- 
Iracks, and so on. This co-operation betvreen de- 
partments is also called for in emergencies, when 
delays may be minimized by the prompt and in- 
telligent action of the train crew under the super- 
vision of the engineer. 

N'oTE — A volume of "The Science of Railways 
Series," is devoted exclusively to the Air-brake, 
and the reader is referred to it for information 
relative to air-brake failures. The subject of Com- 
ponnd Locomotives is fully treated in a volume en- 
titled, "Engineers and Firemen's Handbook," to 
which reference should be made for further in- 
formation concerning the operation of Compound 
Ijocomotives. 

*Ib th)> conueetion the reader ia referred to the chapters in 
^ Tolame treating of the Motive Power Department. 



CHAPTER in. 

THE LOCOMOTIVE AND ADHESION. 

Q. 1. — ^What is a locomotive ? 

A. — A horizontal boiler, with two high pres 
engines and accessories attached to a frame, 
whole mounted on wheels and designed to r 
on two parallel rails. 

Q. 2. — What is a locomotive commonly ten 

A. — ^An engine; although a locomotive has 
engines that are dependent on each other foi 
perfect performance of the locomotive but w] 
in the ease of the failure of one engine the c 
may be used independently but with a great 
of power to the machine. When both engines 
in perfect condition one engine is exerting 
greatest power at the point where the other o: 
practically useless as a power exerting med 
This condition is, of course, reciprocal. 

Q. 3. — If a locomotive becomes disabled or 
road, what should be done? 

A. — The train should be immediately prote 
at front and rear by flags at the prescribed 
tance, and temporary repairs made as quickl 
possible sufficient to enable the train being m( 
to the first available sidetrack, in order to a 
blocking the line. If only a minor breakd( 
requiring but a few minutes to fix, the train shi 
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proceed after the necessary repairs have been 
made, but under no circumstances should any 
chances be taken likely to cause a delay to traffic. 




Sbowing Wliat to Do ia Case of Broken Main Driving Spring on an 

Underhung Engine. 

In the event a locomotive is taken to a side- 
track, all repairs possible with the tools available 
should be made, but if the breakdown cannot be 
repaired, even sufficiently to clear the main lines, 
then arrangements should be made to notify the 
nearest telegraph office, giving location of train 
and full particulars and asking for assistance. If 
expedient, a passing train may be flagged and a 
message to the telegraph office sent thereby. 

Q. 4. — Can a train be handled with one side of 
locomotive disabled! 

A. — That depends on the physical character- 
istics of the road and the nature of the disable- 
ments of the engine, as well as the class of locomo- 
tive to which the injury occurs. With the lighter 
class of locomotives and level roadbeds, with the 
^ide rods up, 50 per cent or more of a train can 
'^e handled, but with an unfavorable grade or with 
^ide rods down the engine will do no more tlian 
^0 handle itself. The heavy modern locomotive 
^ill do no more than handle itself without side 
^ods up, as with only one pair of drivers to fur- 
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nish the adhesion to propel the whole weight ( 
the locomotive it will stand and slip and will n( 
handle itself to a terminal. 

Q. 5. — How do the engines of a locomotive trani 
mit their power to the driving wheels ? 

A. — The power exerted .by the steam pressui 
on the piston head is transmitted by medium c 
the piston rod, crosshead, wrist pin and main ro 
to tlie crank pin, which is located on the ontsid 
of the driving wheel between the hub and the outc 
edge of the wheel. This arrangement makes 
crank lever of the pin and gives a rotary motio 
to the wheels, propelling the locomotive and i1 
load in the direction indicated by the position c 
the reverse lever. 

Q. 6. — When is there the greatest danger c 
damage to the machinery from an engine slipping 
when running at a high or low rate of speed? 

A. — At a low rate of speed, because at a hig 
rate of speed the revolutions of the wheels are nc 
increased so much over normal as when slippin 
at a low rate of speed. 

Q. 7. — Upon what is the power of a locomotiv 
to do work dependent? 

A. — On the energ\^ it can exert to produce mo 
tion without the driving wheels slipping, and i 
dependent on the adhesive power of the locomc 
tive. This power is proportional to the weight o 
the driving wheels. 

Q. 8. — How may adhesion be increased or A 
minished ? 

A. — Increased by the use of sand, which make 
the friction greater, and lessened by a wet o 
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■Iro^y rail', which reduces the friction. Sand on 
a wet rail will give about the same adhesion that 
a dry rail would have without the nse of sand. If 
Ibe sand lever is opened wide and two heavy 
streams of sand are run on the rail, friction will be 
greatlv increased on the train wheels and a train 
'"stalled," that could have been pulled with a 
lighter use of sand, besides exhausting the supply- 
sooner than necessary, which is limited to the none 
too great capacity of the sand box. The frequent 
opening and closing of the sand valves will give 
the best result on a hard pull, for if the valves 
are left open just a little, to run fine streams of 
t^and, they will speedily close up and the wheels 
^ill slip. The quantity of sand that will give the 
requisite adhesion with the least train friction is 
Ti'hat is desired. 

Q, 9, — Is there anything aside from a "bad" 
Tail that will cause wheels to slip? 

A. — ^Yes. Too great cylinder power for the ad- 
iesion of the wheels. This condition is not in- 
tended to exist. A small driving wheel will slip 
■with the same cylinder power more easily than a 
larger wheel, because greater leverage is exerted. 
Q. 10. — "What is tractive power in a locomotive! 
A. — Its power to pull. It is always less than 
adhesive power. 

Q, 11, — On what is the tractive power depen- 
dent? 

A. — The length of the stroke, area of piston, 
average mean effective steam pressure and di- 
Miieter of driving wheels. 
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CHAPTER IV. 

THE BOILEB. 

Q. 1. — ^Wliat part of a locomotive is it the most 
important to have at all times in a first-class con- 
dition, in order to incur the least possible danger 
of an engine failure when the locomotive is on the 
road in service ? 

A. — The boiler. 

Q. 2. — ^Why is it so important a factor in loco- 
motive operating? 

A. — On account of it making and containing 
the steam which performs the work of hauling the 
train. With a good boiler, free from leaks, imder 
any ordinary condition, plenty of power to do the 
work will be assured ; even when the machinery is 
much worn, the engine will still be capable of 
doing good work. All parts of a locomotive should 
be kept in good condition, but the boiler should 
be given the greatest care. 

Q. 3. — Should a boiler be given good care from 
the time it is first put in service, or should the 
care commence when the boiler, from usage, be- 
gins to show the need of it? 

A. — Good care should be given a boiler from the 
day it is put in service to get the greatest possible 
wear out of it and the best results at all times. 
Because a boiler is new and clean, neglect to wash 
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it out thoroughly is only laying up future trouble 
for all concerned, for such neglect means scales 
and mud in the boiler, and that means leaks. For 
the fireman to allow the steam to go down and the 
fire to grow low, because he knows he can ''pick 
her up" whenever he wants to, is breeding more 
of the same sort of trouble. Proper firing and 
avoiding the use of the blower, with a low fire 
most of all, and careful inspection with the repair- 
ing of any minor defect that is found, will do much 
to keep a boiler in good condition. 

Q. 4. — ^What is one of the prime causes of leaky 
boilers ? 

A. — Scales and mud banking about the tubes 
and against the sheets, caused by impure water. 
They are formed by the evaporation of the water, 
which causes the carbonate of lime to be precipi- 
tated, forming scale. This process continues, and 
as time goes on the scale becomes thicker and 
thicker, and the Avater is thereby removed farther 
and farther from the sheets, staybolts and flues, 
with a consequent injury to them. One sign of 
scale or mud in a boiler is the flue sheet '^honey- 
combing," or coating over when on the road; an- 
other is small pieces of unburned coal clinging 
to the sheets. 

Q. 5. — What effect does this scale formation 
have on the sheets and tubes ? 

A. — It causes them to overheat, resulting in 
bulged sheets and collapsed tubes. The sheet be- 
coming too hot grows soft and yields to the pres- 
sure from within. It may move slightly away 
from the scale and allow water to pass in between 
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and cool the sheet, but eventually the scale will re- 
form, the old process will take place, and as the 
sheet has lost its elasticity it will remain badly- 
bulged, and unless the scale is removed and ham- 
mered back into shape it most likely will give 
way entirely. Under such conditions the sheet is 
said to be mud burned. 

Q. 6. — What effect has scale on staybolts? 

A. — At first it causes only a slight leak. As 
the scale thickens, the leakage grows worse, and 
as the sheet distends, the heads of the bolts, as 
a rule, are torn away. The same is true of crown 
bolts. When sheets become badly cracked they 
must be replaced or patched, as new staybolts 
would not hold in the defective sheets. One broken 
staybolt adds very materially to the strain on 
those in its immediate neighborhood, and a broken 
staybolt should be replaced at the earliest possible 
moment. 

Q. 7. — If a sheet bulges, what should be done? 

A. — The fire should be checked at once, and 
the engine worked under reduced pressure to the 
terminal, where the sheet should be replaced. 

Q. 8. — If a handhole plate or plug is blown out, 
what should be done? 

A. — The fire should be drawn or deadened at 
once, as this accident would result in the empty- 
ing of the boiler. The remedy to be applied de- 
pends upon what may have happened. In the case 
of a handhole plate blowing off, it is usually due 
to the breakage of a bolt. If the plate could be 
found, it could be replaced by using another bolt, 
or a piece of sound wood could be used as a sub- 
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stitute for the plate. In the case of a plug hlowiug 
out, another of soft pine could be driven in its 
place. After the hole had been closed, the boiler 
conid be refilled, fire built, and steam to a low 
pressure raised, with which the engine could be 
run to its destination. 

Q. 9. — If a boiler becomes empty on a trip, how 
can it be refilled? 

A. — This is, as a rule, a slow and laborious 
process. It could be done only by means of pails, 
and pouring the water in through one of the open- 
ings, obtained by unscrewing the whistle, a safety 
valve, or other part through which free access to 
the boiler may be had. 

Q. 10. — In the event a tube leaks badly or bursts, 
what should be donef 

A. — It is possible to put bursted flues in shape 
to permit a train proceeding, provided time and 
conditions allow. The boiler should first be filled 
quite full of water, in order to offset the loss. 
Then the steam should be blown off through the 
whistle, or the release valve should be removed 
from the chest, and the throttle opened to hlow 
off steam. The fire should be deadened, in order 
to admit of plugging the flue. Should the flue be 
burst it ought to be plugged at both ends, but if 
a floe only leaks at the flue sheet it is unnecessary 
to do anything beyond plugging the flue. Any 
atarchy material, such as bran, if admitted 
through the heater cock on the injector after the 
latter has been started, will aid in stopping a bad 
leak. 



i 



74 ENGINE FAILUBE8 

Q. 11. — ^Wliat effect has frequent caulking on 
staybolt heads, tubes and sheet seams? 

A. — It wears them out rapidly. The bead on 
the flues wears off, as do the heads of stay 
and crown bolts, seams of sheets and the edges of 
cracks. Often one will hear a boilermaker say^^ 
* ' There is nothing left to caulk. * * It is better, if 
possible, to avoid the cause of leaking than to ap- 
ply the remedy. 

Q. 12. — What other causes, besides scale or 
rapid change in temperature or pressure will cause 
boilers to leak? 

A. — ^Vibration, which occurs most in large en-^ 
gines with long heavy flues. Poor material or 
poor workmanship, or both, often has much to do 
with leaky boilers. 

Q. 13. — How are staybolt tests made? 

A. — By tapping them with a hammer, in the 
hands of an experienced boilermaker. Staybolts 
break next to the sheet, and many railroads have 
«mall holes drilled lengthwise in the ends of the 
bolts, far enough to pass inside the sheets, so that 
when a bolt breaks, steam and water escaping 
through the hole will be a warning of the breakage. 
It is not safe to run a boiler with broken bolts, a& 
the load that a bolt carries is immediately shifted 
to its neighbor when it breaks. 

Q. 14. — Wliere are staybolts liable to break? 

A. — In the upper rows at the front end of the 
firebox. At this point the widest variations of ex- 
pansion of the two plates united by them take& 
place. The sidesheets are rigidly fastened to- 
gether at the mud-ring, and also at the back head. 



AND BEEAKD0WN8. 75 

As the inside sheet is subjected to the direct action 
of the fire, it is hottest of the two, and therefore 
expands more. The difference in the expansion 
of the two plates is subject to constant variation, 
and this causes a continual bending of the stay- 
bolts at the inner face of the outside sheet, a bend- 
ing that will eventually cause fracture. 

Q. 15. — If a boiler is liable to leak easily, when 
on the road, what can be done to avoid it ? 

A. — A light, hot fire should be kept at all times, 
thus keeping the sheets from cooling and contract- 
ing. Soda ash should be freely used in the tank 
and the boiler blown out often. 

Q. 16. — Will this not cause a fuel waste? 

A. — No. While in a sense it is a waste, yet it 
will prove to be a saving in the end. To allow 
the boiler to leak would involve a greater expense 
than the cost of the extra coal thus used; in addi- 
tion there would be the chance of an engine fail- 
ure, which should be always avoided if possible. 

Q. 17. — What part of the boiler is the most liable 
to give out and cause an engine failure? 

A. — The flues, by one bursting. 

Q. 18. — What should be done when a tube bursts 
on the road? 

A. — Plugged with an iron plug furnished for 
that purpose. The best way is to fashion a 
wooden plug to fit tightly in the flue; it should 
be from 12 to 18 inches long and, as tubes often 
collapse just inside the sheet, it may save a job 
of plugging the flue in the front end. This plug 
should be driven iq the flue and followed up with 
an iron one. The wooden plug will swell and 
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make a safe job of it. The smokebox end should 
be plugged. This is often a difficult job under 
favorable conditions, on account of the location of 
the burst iBue, and one that is well-nigh impossible 
on the road. As a rule, with a burst flue if the 
engine dies, the best plan is to let her be towed 
into the terminal and repaired there, as clearing 
the main line is the vital question now-a-days and 
it takes too long to do this, even if the means are 
at hand to fill the boiler after the work has been 
done. 

Q. 18. — If the water level should fall below the 
line of safety, what should be done to avoid 
damage to the firebox and boiler? 

A. — The fire should be banked with fine coal. If 
a bad case, water should be thrown on the fire or 
the fire shaken out altogether. If one knows he 
is running low on water there is little danger to 
be apprehended. It is when one thinks there is 
plenty of water, when as a matter of fact there is 
but little, that damage is done. Water can not be 
watched too closely. 

Q. 20. — Why does variation of temperature 
cause a boiler to leak? 

A. — It causes the sheets to shrink away from 
each other, and the tubes to contract awav from 
the sheet. A patch gets hotter than the metal it 
covers and it is almost impossible to keep one 
from leaking. 

Q. 21. — How can foaming be detected and what 
should be done when indicated? 

A. — Foaming is usually detected by the appear- 
ance of water at the top of the stack. First would 
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' ihat off steam to allow the water to settle. Then, 
if there were three gauges of water, the trouble 
would probably be due to too much water in the 
boiler. If the water settled down so only one 
gauge of water was shown, foaming would un- 
doubtedly be the trouble. Foaming is also mani- 
fested by a whitish appearance of the steam as it 
escapes from the stack, cylinder cocks or water 
gauges, also by the sound it makes which is not a 
clear whistling noise. 

Q. 22. — A\'lien boiler is found to be foaming 
what should be done ' 

A. — Would open cylinder cocks to prevent the 
cylinder beads from being knocked off. If 
equipped with a surface biow-off would open it. 
Would start left injector to work as well as the 
right injector in order to raise the water level. 
Would shut off steam at frequent intervals, and 
allow the water to settle, so its true level could be 
ascertained and not allowed to rise too bigb or fall 
too low. If necessary, would reduce the speed. 

Q. 23. — What should be done when priming! 

A. — Would shut off the injector, lower water 
level and check the fire to lessen the rate of evap- 
oration. 

Q. 24. — What should be done to check or stop 
foaming of oily water? 

A. — Would put a piece of sulphate of copper or 
blue vitriol in the supply pipe. This frequently 
stops foaming due to oil or grease, provided no 
alkali had previously been put in the water. Would 
get the blue vitriol at a local telegrapli office. 
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Upon arriving at a water station would allow 
the tank to overflow freely, so that the oil which 
would rise to top of the water could be run off. 
By putting on the heater at the same time this 
method of getting rid of the oil is further facili- 
tated. 

Q. 25. — If water gets low enough to leave the 
crown sheet uncovered, what should be done ? 

A. — The engine stopped and the fire banked 
with earth to prevent the crownsheet from being 
burned. Then after the boiler had cooled some- 
what and the steam pressure had fallen, would 
start the injector to raise the water level. As soon 
as water appeared at the first gauge, the fire could 
be cleaned and engine proceed. 

Q. 26. — If a boiler is fitted with a fusible plug 
and it is melted because the water falls to a low 
level, what should be done? 

A. — This would put out the fire and disable the 
engine. Therefore would protect the 'train and 
prepare to be towed in. But if another fusible or 
solid plug were available would insert it when 
steam pressure was reduced and would then fill 
the boiler again through the safety valve, after 
which the fire could be started. But this takes too 
much time as a rule. 

Q. 27. — If a flue is leaking badly, what should 
be done? 

A. — If leak was at the tube sheet where the tube 
is expanded into place could do nothing on the 
road. If leak were due to a defective tube, and 
water was blowing through to the firebox, would 
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plug it, by cutting the end of a pole into the shape 
of a plug to fit the tube, cutting it so it could be 
easily broken at that point, as shown in Fig. 1. 




Fig. 1. 
Sharpened Pole for Plugging Tube. 



Would then put this plug in the end of the tube 
and drive it home, and next would break it at the 
partially severed point, thus leaving the plug in 
I)osition as shown in Fig. 2. That part of the 




Fig. 2. 
Tube Plugged. 

plug which projected into the firebox would be 
burned off, although the plug, being protected by 
the tube, usually holds in position until terminal 
is reached. Hence with a plug in, the leaking 
steam and water would go into the smokebox, 
whence it would be carried off bv the exhaust. 

Plugs made especially for doing this work are 
obtainable but are not ordinarily supplied to loco- 
motives. An illustration of this type of plug is 
shown in Fig. 3. It is known as the Morgan tube 
'Stopper, but can be applied only when engine is 
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cool. It consists of a cap that sets down ove 
end of the tube, and is held in position by s 
which runs through to a similar cap at the < 
end of the tube. 




"Uorgaii" Tube Stopper. 



Q. 28. — If, when blowing down a boiler, 
blow-off cock becomes clogged and canno 
closed, what should be done? 
/ A.— Such a condition would probably resu 
emptying the boiler enough to expose the C] 
sheet of the firebox to the action of the fire. W 
therefore draw the fire at once. If the be 
coals was thin at the time, it might be possib 
draw it away from the firebox sheets and hei 
up in the center of the grates and then dei 
the whole by shoveling in damp earth, thus c 
ing the fire and keeping the incandescent 
away from the sheets, so as to avoid all p^ 
bility of burning. 
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Q. 29. — How are Jeaky joints in the exhaust pipe 
of a locomotive located? 

A. — This is not a serious defect, nor one re- 
quiring any attention upon the road. "Where the 
air-brake pump exhausts into the passages of the 
saddle, a leak could be located by plugging or 
blocking the nozzle and starting the pump with 
an angle cock open so that no pressure could ac- 
cumulate in the main reservoir. The pressure of 
the exhaust, which would be choked by the plug 
in the nozzle, would cause the steam to escape 
from any leaks that might exist in the passages or 
pipes. 

In case the air pump did not exhaust into these 
passages it would be exceedingly difficult to make 
proper examination. It could be done, however, 
when the steam was down to from 25 to 30 pounds. 
The nozzle should be plugged and the wheels well 
blocked. The throttle could then be opened a little 
and the reverse lever moved backward and for- 
ward. This would put a pressure in the exhaust 
pipes and passages that would escape from the 
leaks should there be any. 

Q. 30. — When can an engine be best inspected 
for leaky steam pipes in the front end? 

A. — After the fire had been drawn and the 
boiler allowed to cool, and the temperature of the 
front end consider»ibly below what it would be 
with the engine at work, or when just in from a 
run. Then it would be possible to locate the leaks 
better than when everything is hot. 

Q. 31. — When making repairs while pressure is 
upon the boiler, is there any danger? 
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A. — K the metal is grooved or weakened in any 
way, the jar eansed by nsing a hanuner or calking 
tool might start a crack resulting possibly in ex- 
plosion. It is safest to make all repairs on a cold 
boiler. 

Q. 32. — If a sheet cracks, what shonld be done ? 

A. — Such cracks most commonly appear at the 
throat sheet, the tube sheet and the side sheets of 
the firebox. The cracking of a sheet does not 
necessarily mean that an explosion is imminent. 
Yet, because a crack is not followed instantly by 
an explosion it is no assurance that one may not 
follow immediatelv. A crack indicates weakness 
of the boiler, therefore pressure should be reduced 
at once, by throwing earth on the fire and starting 
the injector. Then a careful inspection should be 
made to determine the extent of the injury and the 
continued movement of the engine or train would 
depend upon the extent of the damage and the 
likelihood of its increase. 



CHAPTEE V. 

THROTTLE AND STEAM CONNECTIONS. 

Q. 1. — When a throttle valve suddenly becomes 
disconnected, what should be donet 

A. — This accident may occur while the valve is 
opened or closed. It is usually caused by the con- 
necting pins working out. If it occurs while the 
valve is closed it renders the engine practically 
useless. The only way to remedy the difficulty 
would be to remove the dome cap after the steam 
pressure had been reduced to zero, and replace 
the pins. Consequently, when this occurs on the 
line the fire should be deadened, and the engine 
disconnected and towed in. If engine is equipped 
with B drifting valve it can be moved without the 
train. 

If, however, the accident occurs while the throt- 
tle is open, the steam should be reduced sufficiently 
to allow of moving the reverse lever easily and 
the engine may then be controlled by the reverse 
lever, but the air brakes should be handled with 
great care. Should only the hand brakes be avail- 
able the train crew should be warned to be in 
readiness to apply them promptly when called for; 
Wd at the first opportunity the dispatcher should 
W informed of the accident. 

Q. 2. — ^In the event of a dry pipe collapsing, 
vbat sbonld be done? 
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A. — Steam should be reduced so as to permit 
of moving the reverse lever easily and the engine 
controlled by the lever. Airbrakes should be used 
mth great caution. If necessary to use only hand 
brakes the crew should be advised of the situation 
and told to be on the alert to apply the brakes 
when called for. The accident should be reported 
as quickly as possible. 

Q. 3. — If a throttle valve leaks, what should be 
done? 

A. — This is annoying but not dangerous, and 
as a rule results from wear, or from the seat or 
valve cutting from wire drawing. The main thing 
to provide for is to keep the cylinder cocks open 
always and the reverse lever in the central notch 
when at a standstill. In order to determine 
whether it is the throttle or dry pipe leaking it 
should be observed whether the steam is dry or 
wet. Steam leaking through the throttle valve 
would be dry because the valve is some distance 
above the water level, but the dry pipe is below 
the water level, indeed, is sometimes submerged, 
and therefore more or less water would leak 
through. 

Q. 4. — In the event of either a whistle or safety 
valve breaking off or blowing out, what should be 
done? 

A. — When the steam has blown off enough to 
allow of doing so, the hole, which is usually small, 
may be plugged with hardwood cut to fit and 
driven well in. Then either could be tied down 
with the bell-cord or braced in position. Both in- 
jectors should be put in operation and run as long 
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as possible because the water would lower quickly 
by reason of the steam blowing off through the 
fracture. It is seldom necessary to kill the fire. 

Q. 5. — If a steam pipe bursts or breaks, what 
abould be done? 

A.— This is a serious accident and would call 
for the same general procedure as in the case of 
a broken steam chest or steam chest cover, with 
regard to disconnecting main rod and blocking 
crosshead. In order to stop the flow of steam the 
broken pipe would have to be removed and a plate 
bolted over the tee bead connection, and to pack 
it paper felting or wood could be used, as shown 
in Figure 4. Sometimes it is possible to stop the 




flow of steam for a short time by driving a plug 
into the tee and bracing it to prevent its being 
Mown out, but owing to the heat of the firebox the 
"■ood is liable to shrink and become loose, so this 
method cannot be depended upon except as a tem- 
porary makeshift. When the flow of steam has 
Wn stopped and the opening closed, the valve on 
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the disabled side should be disconnected and 
clamped, as shown in Figure 5, and the main rod 




should be taken down and the crossbead blocked, 
as shown in Figure 6. 
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Q. 6. — In case the steam pipes leak, what ahoiil<l 
be done? 

A. — Notwithstanding that this results in lesaeO' 
ing the steaming efficiency of the engine, no at' 
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empt to remedy it should be made while on a 
un. Reporting it for immediate repair at the 
Dd of a run is about all that can be done. 

Q. 7. — In what manner may leaking steam pipes 
le discovered! 

A. — When the firedoor is open the steam blow- 
Dg can usually be heard. But to determine it 
leyond doubt the front should be opened, then the 
brottle may be started just a little, which would 
How of the leaking steam being seen. 

Q. 8. — If a wash-out plug blows out or a blow- 
'ff cock would not close, what should be done ? 

A, — Both injectors should be put at work in an 
fideavor to overcome the leak long enough to get 
rain into the clear. If, however, that fails, then 
prevent tlie firebox sheets from burning the 
ire should be drawn. Should the weatlier be cold 
T freezing the pet cocks on all the connections, 
rherever water is likely to collect, should be 
'pened to drain the pipes ; if there are no cocks 
he couplings should be slacked off, the tender 
lose couplings disconnected, and particular care 
."iven to the air pump drain cocks to prevent a 
■Qptnre of the steam cylinder of the pump. If the 
hrottle becomes disconnected and open the press- 
ire should be reduced until the engine will not 
'lip and the train controlled by means of the air- 
brake. What is often thought to be a disconnected 
ihrottle is nothing but a throttle stuck due to ex- 
^sive lost motion of the parts which usually 
"Jwnrs when giving full throttle. In such cases 
the throttle rod should be tapped, as that will 
often release it. 



CHAPTEE VI. 

DRAFT APPLIANCES. 

Q. 1. — How should a displaced petticoat pipe be 
readjusted? 

A. — The purpose of a petticoat pipe is to obtain 
an even draft over the whole of the tubes. If too 
high, the most of the draft would pass through 
the lower rows of the tubes and pull upon the 
front end of the fire. If too low the draft would 
be strongest through the upper rows of tubes and 
the pulling would be at the rear end of the firebox. 
Therefore the displacement of the petticoat pipe 
may be readily detected by the action of the fire. 
Where there is the least draft the tubes will also 
be choked with ashes and cinders. Therefore, if 
there be an excessive draft through the lower rows 
of tubes, the petticoat pipe should be lowered; if 
through the upper rows, it should be raised. 

Q. 2. — Should a diaphragm or deflector plate on 
the smokebox become misplaced, how may it be 
readjusted? 

A. — The purpose of the diaphragm in the front 
end of an engine is the same as that of the petti- 
coat pipe. Uniformity of draft is obtained by the 
adjustment of the lower edge of the diaphragm, 
which is a separate sheet from the main body— 
Originally this lower sheet was movable and coiil< 

88 



AND BEEAKDOWNB. 89 

be raised and lowered by a system of levers under 
Ihe control of the engineer. Now it is bolted to 
llie main plate in such a way as to permit of a 
limited amount of motion. 

Diaphragm displacement is indicated by the 
uneven action of the draft upon the fire, and a 
possible collection of cinders in tubes having an 
insufficient current of gases to keep them clear. 
If tlie diaphragm be too high, it would cause an 
excessive draft through the top rows of tubes, if 
too low, the same with the lower rows. 

For an excessive draft through the upper rows 
and at the rear end of the firebox, the diaphragm 
should be lowered. If through the lower rows 
and at front of firebox the plate should be raised. 

General directions for the adjustment of this 
plate, or for the petticoat pipe that would make it 
possible to set either to the desired position with- 
out trial, cannot be given. It depends upon the 
type of engine, the service it may be called upon 
to perform, and also the quality of coal to be 
bnraed. The form of diaphragm and front end 
recommended by the American Railway Master 
Mechanics' Association is shown in Figure 7. 

Q, 3. — If the netting should become clogged or 
broken, what should be done? 

A.— Should the netting become clogged it is apt 
to seriously interfere with steaming, besides the 
*^ger of causing the fire to blow back into the 
rab. 

Clogging is usually caused by an excessive 
<Hiantity of oil in the cylinders. Where an auto- 
■"Wtic oiler is used, it does not occur so frequently 
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as where the cylinders are lubricated from cups 
in the cab. With this form of lubricator, the open- 
ing of the throttle immediately after the oil has 




been introduced is apt to throw it out at the ex- 
haust nozzle and spatter the netting. 

There is danger of throwing out large sparks 
and starting fires if the netting has been cut or 
worn away so that there are holes in it. When 
this happens on the road, the engine should be 
worked as easily as possible when traversing dis- 
tricts where there is danger of igniting a fire. The 
netting should be replaced with new when the ter- 
minal is reached. 
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Q. 4. — With a broken frout, what should be 
done! 

A. — Thia rarely happens. When it does it is 
usually the result of a blow, such as a collision, 
and as a rule is accompanied by other damages. 
A broken front should he repaired by replacing it 
with boards which can be held by the studs and 
nuts which were used to hold the front, as shown 
in Fig. 8. This, however, is but a temporary 




"makeshift, owing to the liability of the boards 
"^ing burned by the heat and cinders of the smoke- 
rs. However, it would serve until the terminal 
™uid be reached provided the engine worked 
easily. 

Q. 5. — What are the probable causes when ex- 
"•aiist is apparently coming out of one side of 
Btaekt 

A.— The exhaust nozzle may be set so high that 
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the steam could not properly fill the stack. Or, 
if either petticoat pipe or nozzle were out of line 
the same result would be effected. 

Q. 6. — What would be the effect if the steam did 
not properly fill the stack! 

A. — It would lower the steaming efficiency of 
the engine and the vacuum in the smokebox would 
be irregular in its formation and action, because 
the blast produces a partial vacuum in the smoke- 
box by induction, just as a jet of steam in an in- 
jector lifts the water from a tank. If the jet does 
not fill the stack, the unfilled space permits a slug- 
gish flow of the gases, resulting in the vacuum 
being lowered considerably. Hence it is impor- 
tant that there should be a proper adjustment of 
the size and position of the exhaust nozzle rela- 
tively to the height and diameter of the stack. 

Q. 7. — If the grates are burned out or broken 
while on the road, what should be done? 

A. — The burnt or broken grates should be 
blocked up with fish plates, brick or anything suit- 
able that is available for the purpose. Would 
then disconnect the good grate immediately be- 
yond the burnt or broken section so that the other 
grates would not be disturbed when the fire was 
shaken down. 

Q. 8. — What should be done when the hopper 
of deep ash-pan is burned or broken in a drop 
grate ? 

A. — The fire should be pulled about three feet 
from the front of the remaining grates; then (if 
near a section house) the opening should be 
bridged over with a splice laid length-wise. If 
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nnable to obtain a splice, anything available to 
serve tlie purpose may be used, because it would 
be impossible to proceed with the train any dis- 
tance with the drop grate down. If a space the 
size of the drop grate were open, all the air that 
the exhaust draws would pass through it, and the 
fire on the remaining grates would not burn 
enough to maintain steam, even with a *'light" 
engine. 
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CHAPTER Vn. 

VALVES AND VALVE GEAB.* 

The different types of steam valves used on loc- 
omotives are the piston valve, the plain slide valve 
D shaped, and the balanced valve. 

The plain slide valve is now but little used ; it is 
D shaped, the flat under surface of the valve work- 
ing back and forth over a flat surface containing 
ports and called the valve seat. A yoke attached 
to the valve rod surrounds the valve body and 
controls its motion back and forth across the valve 
seat, thereby regulating the admission and ex- 
haust of steam to and from the cylinders. The 
body of the valve is hollow and has lips projecting 
out from its base. The objection to this valve is 
that the top of the valve is subject to whatever 
pressure* is admitted to the steam chest through 
the throttle valve, causing it to ride heavily on 
the seat, and requiring more lubrication than a 
balanced valve, and also lessening the effective- 
ness of the engine. The balanced valve was de- 
signed to overcome these defects, and it also per- 
mits of a more free handling of the reverse lever. 

There are two kinds of balance valves — ^the bal- 

* For further particulars in regard to valves and valve gear 
the reader is referred to other volumes of **The Science of Bail- 
ways** series relating to Locomotjve Appliances and to Engineers 
and Firemen. 
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I aneed slide valve and the piston valve. Tlie bal- 
I anced slide valve is similar to the plain slide valve, 
with this addition: strips are fitted in the top of 
railed grooves around the top of the valves (a ' 
ring may be used instead of strips). In the bot- 
tom of these grooves arched flat springs are placed 
that crowd the strips against a plate fastened to 
the under side of the steam chest and called the 
pressure plate. These strips, when springs are 
in good order, prevent steam from passing in on 
top of valve and makes it as nearly a balanced , 
valve as can be made witb this type. A hole ia 
drilled in the top of valve so that any steam that 
might leak in on top of the valve past the strips <t 
oan escape. Otherwise pressure would aecumu- I 
late and the balance feature of the valve would 
be destroyed. 

The piston valve is the most perfect form of 
balanced valve. It is a spool shaped or cylinder 
shaped valve, with packing rings in the ends to 
mate it tight in valve casing walls. If the inside 
packing ring should become broken the end of the 
cylinder at the end of the valve would receive too 
mnch steam and the engine would sound lame. 

Q. 1. — What causes a valve to blow? 

A. — The valve or valve seat may be cut or worn 
so that steam passes between the face of the valve 
and the valve seat and blows through the exhaust 
port out of the stack. This can only be remedied 
by facing the valve and seat. A spring may be- 
come weak or a strip broken, and cause a blow. 
A bridge between the exhaust or the admission 
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ports might be broken or have a hole, or a valve 
might become cocked and cause a blow. 

Q. 2. — How would you test for a strip blow f 

A. — Put the crank pin on the side where the 
blow is judged to be, on the forward center, and 
the reverse lever in the center notch on the quan- 
drant. Open cylinder cocks. Move the reverse 
lever forward a little, but not enough to open port, 
and open throttle slightly. If it is a strip broken 
or a weak spring steam will enter the exhaust 
chamber of the valve and pass out of the rear 
cylinder cock. If the lever be moved slightly back 
of the center the steam will escape from the front 
cylinder cock. Care must be taken not to move 
the lever enough to open the ports. The steam 
coming from each cylinder cock alternately proves 
that the blow comes from above the valve and not 
under it. When a strip blows the valve and cylin- 
der on that side will become dry, as the oil is 
blown away and wasted to a large extent. 

Q. 3. — How can a cracked bridge or a hole in 
one be located? 

A. — By examination and the fact that these de- 
fects would only cause a blow at one end of the 
stroke. A cracked valve or cut valve or seat will 
blow all the time. 

Q. 4. — What could be done in case of a cocked 
valve ? 

A. — The lever should be jerked back and forth. 
If this does not seat it, the valve stem should be 
disconnected and the valve stem moved back and 
forth with a shaking motion. If this does not seat 
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valve the steam chest cover should be removed 
and the valve seated. 

Q. 5. — How can a test be made for a piston 
packing blow? 

A.^ — The engine should be placed so that side to 
be tested will have pin on top quarter. Steam 
should be given with brake set, when set steam 
will blow out of both cylinder cocks if piston pack- 
ing blows. 

Q, 6. — ^Vhat should be done to repair an engine 
with a broken valve seat I 

A. — It depends on the manner of the breakage. 
If a front port the valve should be placed so as 
to cover the back steam port and exhaust port. 
"Would then disconnect and clamp valve stem. 
Take down main rod and block crosshead. The 
reason for taking down the main rod being that, 
steam having free admission to the front end of 
the cylinder, the engine on that side would be 
working against itself one-half of the' time. For 
a broken back port the valve should be placed over 
the front steam port and exhaust port and then 
wonid proceed as if for a broken front steam port. 
Usually a broken valve seat will cause other 
damage to valve gear, such as broken or bent 
rocker arms, eccentric blades, or valve rods. These 
parts should be carefully examined before pro- 
ceeding to move engine. In ease a bridge is broken 
between a steam port and the exhaust port, ports 
should be covered with valve, then would discon- 
nect valve rod and clamp it. The main rods should 
be left up. Care should be taken to see that no 
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pieces of the bridge have, by any chance, gone 
into the cylinder. 

Q. 7. — What should be idone in case of a broken 
valve? 

A. — The steam chest cover taken up and broken 
parts of valve laid together to cover valve seat. 
If too badly broken a block should be used in place 
of the valve. Then steam chest cover should be 
replaced and fastened down. If a balanced valve, 
it would be necessary to use a block in place of the 
valve. If a piece of sheet iron or tin is available 
it could be used on top of valve seat. 




Q. 8. — When a slide valve breaks, what should 
be done to run the engine on one sidet 

A. — In the event it were a balanced valve, 
broken in such a manner that the ports could not 
be successfully covered, a heavy piece of sheet 
iron should be slipped in between the valve and 
valve seat and the valve blocked front and rear. 
Then the balance plate would come down solid on 
the valve, thus preventing breakage of the cylin- 
der. If an ordinary slide valve, broken in the 
same manner, would first remove the valve, and 
then block with hardwood, the grain of which 
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should be crosswise of the seat. With the sheet 
iron over the seat and the chest filled with block- 
ing so the cover would close down firmly upon it 
to make a steam-tight joint, the engine could pro- 
ceed on one side without anything else but the 
valve rod being disturbed. 




Q. 9. — What should be done in the case of a ' 
broken steam cheat wall or covert 

A. — If only a crack in the wall would take off 
steam chest casing, loosen nuts to stnds near the 
crack, and wedge between studs and wall of steam 
chest. Tighten nuts and replace casing. 

If chest or cover were badly broken steam would 
have to be shut out from the chest. This could be 
done by inserting a blind gasket in the joint in 
steam pipe in front end. If this could not be done, 
would block over steam ways in chest seat and 
hold in place with chest cover, perhaps using a 
piece of sheet iron or tin under the block. In going 
into front end to pnt in a blind gasket, would have 
fire as low as possible and lubricator and air pump 
shut off. But, as a rule, it would be better to pre- 
pare engine to be towed to terminal. 

Q. lO.^How can a broken valve yoke be located? 

A. — When a valve yoke breaks the valve re- 
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mains in front end of steam chest. Would move 
lever back and forth with cylinder cocks open. If 
yoke were broken steam would not come from for- 
ward cylinder cock. 

To repair it, would take out relief valve cage 
and, if necessary, would shift valve by means 
of a small bar inserted where relief valve cage 
was taken out, and move engine off center on good 
side. Then would move valve to cover ports. Dis- 
connect and clamp valve stem with inside end 
against valve. Put a plug against valve through 
relief valve cage hole and screw in cage to hold 
plug in position. If the valve yoke were only 
cracked would drop the lever down and work a 
light throttle. It would probably hold until reach- 
ing a terminal. Engine would be lame on that 
side. 

Q. 11. — If a slide valve yoke or stem breaks in- 
side the steam chest, how may the breakage be 
located 1 

A. — First it should be ascertained that the vis- 
ible parts of the valve motion are intact and then 
the type of valve must be taken into accotlnt. If 
the valve stem or yoke is broken the valve is 
always forced forward to the end of the chest. If 
an outside admission piston valve or a slide valve, 
the lever should be placed in the forward gear and 
the steam observed as it leaves the cylinder cocks. 
Then the lever should be reversed and if the steam 
issues from both cocks on one side and from 
the back one only on the other side it would indi- 
cate that the latter has the disabled valve. If an 
inside admission valve the steam would issue from 
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the front and not from the back cylinder cock. If 
equipped with relief valves they should first b& ' 
removed in order to watch the valve movement. 
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ulv SUm Blocked. 

Q. 12, — When a bioken shde \ alve yoke or stem. , 
inside the ateamthest has been located, what ' 
should be done to put the engine in safe running i 
order ? 

A.^Provided relief valves are attached to the 
front end of the steam chest, the valve rod should 
be disconnected, then after forcing the valve to 
central position to cover the ports, the stem should 
be clamped from one end and blocked, by driving- 
into the relief valve a plug, sufficiently long to 
hold the valve in place, then, leaving up the main 
rod, the engine may proceed. Should the relief 
valve be attached to the back end of the steam 
chest, the steam chest cover would not have to 
be taken up, but the back end of main rod would 
have to be disconnected and the crosshead blocked 
ahead. The disconnected valve rod would hold 
the valve against the forward end of the steam 
chest. 

Q. 13. — If a valve rod breaks outside of steam 
chest, what should be done? 

A. — Cover ports and clamp, valve rod. 
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Q. 14. — If a cylinder head or piston head breaks 
what should be done? 

A. — Disconnect valve stem. Cover ports and 
clamp valve rod. 

Q. 15. — Should a main rod ordinarily be taken 
down? 

A. — No, not unless damage to it or the connect- 
ing parts renders it necessary. 

Q. 16. — What description of breakdown makes it 
necessary to take down the main rods or the side 
rods ? 

A. — The practice varies on different roads. In 
the ease of modern engines of very heavy type it 
is practically impossible for two men to take down 
and load up a main rod. Therefore, when a main 
rod is left up, as is nearly always done on large 
engines, care should be taken to leave good open- 
ings in the cylinder, which should be well oiled. 
In the event a side rod is broken, or for any reason 
it must be taken down, it is necessary to take 
down the same rod on the opposite side ; also the 
rods on both sides having knuckles in them should 
be removed, provided the next section of the side 
rod has been disabled. 

Q. 17. — How could the cylinders be lubricated on 
the disabled side of an engine if the main rod is 
not taken down? 

A. — If equipped with indicator plugs they 
should be removed and replaced after oiling 
through them. If not so equipped the valve 
should be shifted enough to show a little steam at 
the cylinder cocks, then oil with the lubricator. 

Q. 18. — Is there any way to avoid stopping an- 
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engine — that is, on one side — on the center, on the 
uninjured side? 

A. — Yes, would release brake and reverse en- 
gine, open the throttle just before coming to a 
stop and good side would be on the quarter. 

Q. 19. — What canses cyUnder beads to break? 

A.— In the case of a front head a broken rod 
strap, wrist pin, erosshead key, or a loose follower 
bolt. A broken main pin might break either head 
or anything in the guides might break the back 
head. Weakness of metal is always a cause for 
failure. With a broken front head, would cover 
ports and disconnect and clamp valve stem. If 
bead were only cracked it could be braced by a 
block from head to pilot beam so it would hold 
until reaching a terminal where repairs are made. 
With a broken back head would cover ports and 
^connect and clamp valve stem. Guides and 
main rods would have to come down, and the pis- 
ton taken out of cylinder or fastened securely. 




Q. 20. — If a piston, erosshead, main rod or crank 
pin broke or became bent, what should be done? 

A. — In the case of a laroken piston or a bent 
piston rod both should be removed, the valve stem 
l*e diBconnected and porta covered. For a broken 
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erosshead or bent or broken main rod, the main 
rod should be taken down and the piston pushed 
forward or backward, according to the type of 
engine, and the valve should be shifted so as to 
force steam against the piston in the direction in 
which it is wished to hold it. Then the valve 
should be clamped and the erosshead blocked as 
an additional precaution. 

In the event of a broken crank pin it would not 
be necessary to take down the rod, because it could 
rest upon the yoke or guide. It should be first 
learned, in the case of a piston valve, whether it 
is an inside or outside admission because the two 
movements are exactly opposite. 

Q. 21. — Where should a erosshead be blocked? 

A. — At the rear of the guides. Less damage 
would then result if it got loose. 

Q. 22. — What should be done in case of a broken 
valve stem or piston gland, or studs to glands 
broken ? 

A. — With metallic packing, would disconnect, 
cover ports and clamp valve stem. 

Q. 23. — What should be done in case of a broken 
top or bottom rocker arm or link block pin? 

A. — With top rocker arm, would cover ports, 
disconnect and clamp valve stem. With a lower 
rocker arm or link block pin, would cover ports, 
disconnect and clamp valve stem. Would push top 
rocker arm back and fasten it so that lower arm 
would clear links in case of broken link-block pin. 
In covering ports the front one could be left 
slightly open to help lubricate the cylinder, and 
the lubricator could be fed freely on that side. If 
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Gtigine were equipped with indicator plugs iu 
cylinder, would take them out and oil cylinder 
tkrough these openings. If necessary, the cylin- 
der head could be removed and the cylinder oiled 
that way, because main rods are too heavy to take 
down unless absolutely necessary. 

Q. 24 — What should be done in case of a broken 
link hanger, saddle pin, tumbling shaft or tum- 
bling shaft iron! 

A. — Would put a block on top of link block to 
work engine about half stroke and put a short 
block under link block, allowing room for slip of 
link. With broken tumbling shaft it would be nec- 
essary to block both links. "Would remove broken 
parts. To reverse engine would shift blocks from 
bottom lo top of links. If one side only were dis- 
abled the good side could be reversed with lever. 
If an important train, some waste could be put on 
top of link and engine could then go on at a re- 
duced rate of speed. 

Q. 25. — How should a broken reach rod or reach- 
rod arm be repaired? 

A. — ^Wonld block on top of link block with a 
block long enough to hold links at desired point 
«f valve cut-oflf, with a short block under link 
block with space enough between block and link 
block to allow for slip of link. Would block but 
one link, with this type of breakdown, so as to 
allow for one link slipping up as the other slips 
down; if both links were blocked, damage would 
result to tumbling shafts. Blocks could be changed 
to reverse engine. A bar or a small timber could 



106 ENGINE FAILUBE8 

be laid on top of frame and nnder lifting arms to 
link hangers instead of blocking link. 

Q. 26. — "^Miat causes eccentrics to slip! 

A. — Becoming hot, loose set screws, and dry 
valves. The latter mav cause a broken eccentric 
or cam bolt, just as a hot eccentric may cause a 
broken strap. 

Q. 27. — What causes hot eccentrics? 

A. — Oil hole stopped up, no packing in oil cel- 
lar, plug gone out of bottom of eccentric strap, a 
strap lined too tight, or one so loose as to admit 
dirt freely between strap and eccentric. 

Q. 28. — How should hot eccentrics be treated ? 

A. — ^Would open oil-hole, if stopped up. Would 
oil freely and often with valve oil. If the strap 
had recently been closed it might be too tight, in 
which case a thin liner in the strap jaws would 
help out. Would not put water on a hot eccentric. 

Q. 29. — What indicates that an eccentric has 
slipped on an axle, and, when it is known which 
axle has slipped, how should it be reset? 

A.— A lame exhaust indicates it, or in case of a 
bad slip one exhaust will entirely disappear; to 
determine which eccentric has slipped, the cross- 
head should be watched to find when the exhaust 
takes place. Having determined which eccentric 
has slipped, and in the event it were a go-ahead, 
the engine should be moved until the crosshead is 
very near to the end of its travel ahead. Then 
the eccentric should be moved around pointing in 
the opposite direction to the back-up, leaning" 
either toward or from the pin, depending, of 
course, upon the style of the valve and whether 
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direct or indirect motion. Then directly steam 
appeared at the front cylinder cocks the set screws 
should be tightened. For a back-up eccentric the 
lever and crosshead would have to be placed in 
the opposite direction. The best way would be 
to mark the eccentric before starting, by placing 
the lever in forward notch and having crosshead 
at front end of travel. Then a mark should be 
made on crosshead and on the guide and the same 
done with the eccentrics and straps. 

If. for any cause, an eccentric slips, and th* 
■engine is placed so that the mark on the crosshead 
•cori-esponds with the mark on the guide, the marks 
on three of the eccentrics should correspond with 
the mark on the straps, while the mark upon the 
fourth or slipped eccentric should be some dis- 
tance from the mark on its strap. By following 
this method an eccentric can be set absolutely true 
without guesswork. 

Q. 30. — How would the exhaust sound with a 
slipped eccentric strap blade, or a loose eccentric 
strap bolt! 

A. — It would sound as if out of square, or, the 
engine would go lame the same as with a 
slipped eccentric. When an engine goes sud- 
denly lame, would not drop the lever down. It 
might be only a dry valve, or it might be some- 
thing else. If it were something else the sudden 
change in the travel of the valve when the lever 
was dropped down would break something. 

Q. 31. — How should a slipped eccentric blade be 
put back to its proper position? 

A. — ^Usually there is a break in the grease and 
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dirt, where the blade enters the strap, which would 
serve to show where the blade should go. If not, 
would put engine on forward center on side that 
had slipped blade. Open cylinder cocks and the 
throttle lightly. Throw the reverse lever back 
and forth, and would note that if forward blade 
had slipped back, little or no steam would come 
out of front cylinder cock. If blade had slipped 
ahead it would blow strong out of front cylinder 
cock. Would reverse the lever and find that just 
the opposite condition prevailed. If there were 
too much admission at forward end of cylinder 
would shorten the blade; if too little, would 
lengthen it. The same procedure could be fol- 
lowed for the other motion eccentric. 

Q. 32. — Which eccentric is most likely to slip? 

A. — The eccentric most liable to slip is the for- 
ward motion eccentric when running forward and 
the back motion eccentric when running backward, 
because they are more nearly in line with the link 
block in either motion, and therefore, control the 
valve. It may be readily understood that when 
the engine is in full gear forward, the forward 
motion eccentric rod is nearly in line with the link 
block, the work of moving the valve being done by 
the forward motion eccentric; this proportion of 
work holds good in relation to the position of the 
link block in the link. Thus the back motion eccen- 
tric would be holding only the bottom of the linky 
the work done by the back motion eccentric being 
very light when the lever is in that position. When 
they slip on the axle they usually slip back, or 
away from the work. 
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Q. 33. — How should a slipped eccentric be set? 

A. — Would put engine on forward center on dis- 
abled side. If it were the right forward eccentric, 
■would put reverse lever in extreme back notch and 
mark valve stem at gland. Nest would throw 
lever in extreme forward notch and move eccen- 
tric imtil mark on valve stem shows at gland. 
"Would next tighten set screws. "Would be careful 
to see that the throw followed the pin in that ec- 
centric's motion. This is setting the slipped 
€<-centrie by the one that is not slipped. Or, would 
place the slipped eccentric with the throw at a 
right angle behind the pin and move it toward the 
pin enough to allow a little steam to escape from 
the front cylinder cock and then tighten set screws. 
Tliis is setting an eccentric by the cylinder cock. 

Aa engine might not be square after setting an 
eccentric in this manner, hut it is as good as could 
be done without trams, and perhaps better than 
is sometimes done with them. 

Q, 34. — How should repairs be made for a 
broken cam or cam bolt! 

A. — Would take off broken parts. Disconnect 
on disabled side and cover ports. Clamp valve 
stem. If a cam bolt to a back-up eccentric that is 
not keyed on axle should break, would loosen set 
screws, oil freely between cam and axle and work- 
ing the lever well down on the quandrant would 
go ahead with the train. A bolt may sometimes 
be found to use in case of a broken cam bolt, but 
if not, as a rule, it would be necessary to discon- 
nect 
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Q. 35. — ^What should be done in case of a broken 
eccentric strap ? 

A, — ^Wonld secure a longer bolt and fasten blade 
of broken strap to good eccentric strap. If this 
could not be done easily, would disconnect. In 
case it were done the engine should not be re- 
versed. 
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WAI£CHA£BI TAIiTE GBAB. 

The beat place to begin is always at the begin- 
ning ; and as the Walschaert valye motion, like any 
other device, is merely a development of Bom,e 
simpler form, it is necessary in studying it to start 
with the original form and trace the varions steps 
in the development 




mg. 13. 

Fig. 13 represents the simplest form of valve 
motion; viz., a single eccentric of the return crank 
form, driving a plain normal valve without lap 
or lead by means of an eccentric rod directly con- 
nected to the valve stem. Assuming that the en- 
gine is to run forward, with the main pin on the 

* ('. O. Rogers, Traveling Engineer, American Locomotive 

For further particulflra in regard to the Walscbaert Valve 
'^"'ar, including detailed inBtructiona as to greeting and setting 
valves and examination questions and answers relatiDg to its 
'ifralion, the reader is referred to anotber volume of "The 
^'ieiii.-e of Bailnafs" scries relating to Locomotive Appliances. 
Ill 
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back center, as shown, the eccentric crank pin must 
be on the top quarter ; in which case the valve will 
be in the central position on its seat with all ports 
closed. Although it is apparent that if the throt- 
tle were open this engine could not start of itself,, 
with another engine of the same kind connected 
to the wheel on the other side of the axle, and with 
the main pins at right angles to each other, as is 
the case in the locomotive, the valve of the left 
hand engine would be in a position to admit steam 
behind the piston and start the wheels turning to 
the right, The eccentric crank on the engine which 
is shown would then move the valve forward, un- 
covering the back steam port and admitting steam 
behind the piston, and the engine would run for- 
ward. It is perfectly evident, however, that this 
engine will only run in one direction; for if, to 
start it backward, the wheel was pinched to the 
left, with the eccentric in the position as shown, 
the valve would be moved to the left and steam 
admitted ahead of the piston, forcing the crank 
pin back again to its position on the back center. 
In order to make the engine run backwards, the 
eccentric would have to be in the opposite position 
from that which it occupies, or on the lower quar- 
ter ; in which case as the wheel was turned to the 
left or backward the eccentric would be a quarter 
of a revolution ahead of the main pin and move 
the valve forward, opening up the back port and 
admitting steam behind the piston as is necessary. 

The first thing to do in the development of this 
simple form of engine, therefore, is to introduce 
some means bv which it can be reversed. This 



can be accomplished by introducing a beam be- 
tween the eccentric and the valve stem, pivoted at 
its center so that one end moves with and in the 
same direction as the eccentric and the other end 
in exactly the opposite direction. 




Snch a construction is shown in Fig. 14. With 
the valve stem at the lower end of the link and the 
main pin on the upper quarter, as shown in dia- 
gram "A," the eccentric will have moved the 
valve to its extreme forward position and the back 
port will be opened for the admission of steam 
behind the piston and the engine will run forward. 
If, however, with the main pin and eccentric crank 
in the same position, the valve stem was connected 
to the upper end of the link, as shown in diagram 
"B," the valve would be moved to its extreme 
position to the left and the front port would be 
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opened and steam admitted ahead of the piston 
and the engine would nm backward. With a flex- 
ible valve stem, or radius rod, connected to a block 
Tvhicli slides in a curved slot in the beam, or link, 
as shown, and with the necessary mechanism for 
raising and lowering the block, it is evident that 
we now have an engine that can be reversed. 

This engine, however, is still far from an effi- 
cient machine ; for, as the valve does not close the 
port for the admission of steam until it is in its 
central position on the seat; and, as with the ec- 
centric only a quarter of a revolution ahead of 
the main pin, it is not in this position until the 
main pin is on the center, whatever the travel of 
the valve, steam will be admitted to the cylinders 
throughout the full stroke of the piston, and the 
engine will use as much steam working against a 
light as against a heavy load. In order to govern 
the period for the admission of steam, or, in other 
words, give a variable cut-off, the valve must be 
redesigned so that it will close the steam port be- 
fore it reaches its central position ; that is, it must 
be given *^lap,'* the lap of a valve being that por- 
tion of it which overlaps the steam ports when it 
is on its central position on the seat. But with lap 
given to the valve and also **lead,'' which is the 
width of the opening of the steam port given by 
the valve when the piston is at the beginning of 
its stroke, the valve motion must be so changed 
that the valve will be advanced from its central 
position on the seat a distance equal to the amount 
of the lap plus the lead, when the crank pin is on 
either of the centers. 
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It is apparent, from an examination of Fig. 
that this advance of the valve can not be obtained 
by any change in the position of the eccentric 
crank relative to tlie main pin. Fig. 15 sliows the 




same valve motion as was shown in Fig. 14, except 
that the valve has one inch outside lap and the ec- 
centric crank has been advanced to more than a 
quarter of a revolution ahead of the main pin. If 
then the link block is at the bottom of the link, as 
in position "A," the advance given to the eccen- 
tric will have moved the valve forward a distance 
equal to the lap plus the lead, and the back port 
will be opened for the admission of steam and the 
engine will run forward. If, on the other hand, 
the link block is moved to the upper end of the link, 
as shown in position "B," the advance given to 
the eccentric crank will have had the opposite ef- 
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feet and the front port will be opened and the re- 
versibility of the engine thus destroyed. In order 
to provide lead, therefore, in any engine where 
there is but one eccentric, some means must be em- 
ployed other than advancing or receding the posi- 
tion of that eccentric relative to the main pin; if 
there is to be any method of reversing the engine. 
In the Walschaert valve gear the motLon for 
providing lap and lead to the valve is derived from 
the main pin by suitable connections with the 
crosshead. 




F§B. le. 

This brings us to the next step in the develop- 
ment of the Walschaert valve gear and the intro- 
duction of the lap and lead lever. Suppose that 
our link block is in the center of the link as shown 
in position " A, " Fig. 16. As the center of the link 
block coincides with the center of the link support. 
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there will be no movement of the radius rod as the 
link swings back and forth through the action of 
the eccentric. If then the radius rod was connect- 
ed with the lap and lead lever at the point "R," 
and the upper end of the lever was connected to 
the valve stem crosshead at "V," and the lower 
end to the crosshead arm by means of a short link, 
as shown, as this latter moves back and forth, the 
point "E" being fixed, the point "V" will rotate 
about it and the valve will be moved back and 
forth. With the main pin on the forward center, 
as shown in position "A," the angle assumed by 
the lap and lead lever has moved the valve back a 
sufficient distance to uncover the front port. With 
the main pin on the back center, as shown in posi- 
tion "B," the lap and lead lever is inclined in the 
opposite direction and the valve moved forward, 
and the back port is open. This is the way the Wal- 
sehaert valve gear derives its lead. The distances 
between the connecting points of the lap and lead 
lever must be so proportioned that the travel of 
the crosshead from one end of the stroke to the 
other will give a travel to the valve equal to twice 
the lap plus the lead. That this lead is permanent 
and does not vary as the reverse lever is hooked 
up will be shown later on. The position of the ec- 
centric crank relative to the main pin depends on 
which end of the link is used for forward motion. 
If the forward motion is taken from the bottom of 
the link, as is usually the ease, the eccentric crank 
is a quarter of a revolution ahead of the main pin 
when the wheel is running forward, if the valves 
have outside admission ; and a quarter of a revolu- 
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tion behind it, if the valves have inside admission. 
If the top of the link is used for forward motion, 
the eccentric crank is a quarter of a revolntion be- 
hind the main pin, if the valves have outside ad- 
mission ; and a quarter of a revolution ahead of it, 
if the valves have inside admissioD. In all cases, 
if the valves have outside admission, the radius 
rod is connected to the lap and lead lever below 
the valve stem, and above it, if the valves have in- 
side admission. 

The simple form of direct valve motion, shown 
in the Fig. 13, has now been so modified that 
the engine is reversible and has a variable cnt-off. 
It only remains to provide the necessary reversing 
mechanism and we have the Walschaert valve gear 
in its complete form as shown in Fig, 17, which 
represents its application to a consolidation en- 
gine. 



Figure 18 shows a general outline of the gear 
as arranged for inside admission valves on which 
are given the names of the various parts as recom- 
mended by the American Railway Master Mechan- 
ics' Association. Starting at the crank pin, we 
have the eccentric crank, eccentric rod, link, reach 
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rod, lift shaft, radius rod hanger, radius rod, lap 
and lead lever, lap and lead lever connector, and 
crosshead arm. 




Having studied the functions of the different 
parts of the Walschaert valve gear, it remains to 
trace the movement of the valve through a com- 
plete revolution of the wheel. FigK. lit, 2(1, 21 and 
22 show a series of diagrams representing differ- 
ent positions of the valve for different positions of 
the crank pin. For the sake of simplicity, the 
valve and cylinder are shown in section, while the 
other parts of the gear are represented by their 
center lines and center points only. As will be ap- 
parent, these diagrams are out of proportion, the 
valve and the eccentric throw having been en- 
larged in order to bring out more clearly the po- 
sition of the edges of the valve relative to the 
edges of the cylinder ports. In Fig. 19, the valve 
is outside admission and the motion is represented 
as being in full forward gear ; or with the reverse 
lever in the extreme forward position. Fig. 20 
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represents the same valve motion, but in this case 
the reverse lever is hooked np and the link block 
is nearer the center of the link and the engine is 
cutting off at about 25 per cent, of the stroke* 
rigs. 21 and 22 represent a valve motion as ar- 
ranged for an inside admission piston valve; in 
Fig. 21, the motion being in full gear forward; 
while in Fig. 22 it is represented with the reverse 
lever hooked up. 

As has already been shown, the valve receives 
its motion from two distinct sources; first, from 
the eccentric crank which gives the long travel to 
the valve; and second, from the crosshead by 
means of the lap and lead lever, which would give 
a short travel to the valve even if the eccentric rod 
was disconnected. 

Starting with diagram 1, Fig. 19, as the valve is 
outside admission, with the main pin on the back 
center, the eccentric crank is on the top quarter, or 
a quarter of a revolution ahead of the pin, and the 
radius rod is connected to the lap and lead lever 
below the valve stem. The link is in its central 
position, and the valve would be in its central posi* 
tion on the seat, if it were not for the motion given 
to it by the lap and lead lever. As it is, however, 
the crosshead being at the back end of the stroke, 
the lower end of the lap and lead lever is at its ex- 
treme back position and the angle assumed by the 
lever has moved the valve forward, as indicated 
by the arrow, a distance equal to the lap of the 
valve plus the lead. Going to diagram 1, in Fig. 
20, the main pin, eccentric crank and crosshead are 
in the same position as they were in the corres- 
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ponding diagram in Fig. 19 ; and the link is in its 
-central position. Thus, although the link block 
is nearer the center of the link, the radius of the 
iink being equal to the length of the radius rod, 
the front end of the radius rod is the same hori- 
zontal distance from the center of the crosshead as 
it is in diagram 1, Fig. 19 ; consequently the angle 
assumed by the lap and lead lever is the same and 
the valve has been moved forward the same dis- 
tance from its central position, and the lead is the 
same as it is with the reverse lever in full gear. 

In Figs. 21 and 22, diagram 1 in each case repre- 
sents the position of the valve at the beginning of 
the forward stroke ; the same as the corresponding 
diagrams in Figs. 19 and 20. As the valves are in- 
side admission, however, the radius rod is con- 
nected to the lap and lead lever above this valve 
stem. The valve, in each case, has thus been 
moved back, instead of forward, by the movement 
of the lap and lead lever; and the back port is open 
to the live steam and the front port to the ex- 
haust. 

Going back to Fig. 19; in diagram 2, the piston 
has moved forward a distance equal to about 85 
j)er cent, of the stroke; the valve has traveled to 
its extreme forward position and back again, as 
indicated by the arrow, till it has just closed the 
back steam port ; while the front port is still open 
to the exhaust. In other words, the valve is at the 
point of cut-off. In diagram 3, the piston has 
moved still nearer to the forward end of the 
stroke. The exhaust edge of the valve is now in 
line with the edge of the back steam porr> 
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SO that any further movement will open communi- 
cation with this port and the exhaust. The front 
port, on the other hand, has been closed to the ex- 
haust and whatever steam is ahead of the piston 
will be compressed. In diagram 4, the piston is at 
the extreme forward end of the stroke ; the angle 
assumed by the lap and lead lever has moved the 
valve back a distance equal to the lap plus the 
lead; the front port is open for the admission of 
steam and the back port is open to the exhaust. In 
diagram 5, the piston is moving toward the back 
end of the cylinder and the valve has just closed 
the front port to the admission of steam, showing 
the cut-off position of the valve on the back stroke- 
In diagram 6, the piston is very nearly at the end 
of the back stroke and the valve is about to open 
the front port to the exhaust ; while the back port 
is closed to the exhaust and compression is taking 
place in the back end of the cylinder. 

As the diagrams in Figs. 20, 21 and 22 represent 
the same valve events as the corresponding dia- 
grams in Fig. 19 ; it will not be necessary to exam- 
ine them separately. It will be noticed that in 
Figs. 20 and 22 the valve cuts off the steam from 
the cylinders and opens the steam ports to the ex- 
haust at a much earlier period in both the forward 
and back stroke than it does in Figs. 19 and 21, 
which shows the effect of hooking up the reverse 
lever. 

These diagrams show very plainly the difference 
in the arrangement of the Walschaert valve gear 
for outside and inside admission valves, also the 
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fact tliat the lead of the valve is the same for all 
cut-offs. 

To change the lead of the Walschaert valve 
gear, it is necessary to either change the lap of the 
valve, reducing it to increase the lead and increas- 
ing it to reduce the lead, in which case the cut-offs 
will occur at later or earlier periods in the stroke, 
respectively; or to change the lengths of the arms 
or distances between the connecting points of the 




lap and lead lever. Increasing the distance be- 
tween the radius rod connection and the valve 
stem connection to the lap and lead lever would 
increase the lead; or shortening this distance 
would decrease the lead. 
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Jost hei"e it might be of interest to study some 
of the ordinary forms of construction of the vari- 
ous parts of the gear. j 

In Fig. 23 are shown an eccentric crank and ec- 
centric rod. The eccentric crank, as will be seen, 
is secured to the extension of the main crank pin 
by a binding bolt. The crank is split so that it can 
be drawn to a tight bearing by means of the bolt. 
This bolt, together with a key, keeps the eccentric 
crank fixed in its position on the main pin. By 
driving out the binding bolt, the eccentric crank ' 
may he taken off if necessary. Tliis construction 
permits of using a solid bushing on the side rod at 
the main crank pin. ; 

The link and reverse shaft are shown in Fig. 24, J 
In this design of gear, the radius rod is directly 
connected to the lift shaft ann by means of a slip 
block, which makes a very simple arrangement. 

Fig. 25 shows another style of reversing mech- 
anism. In this design, the backward extending 
arm of the lift shaft is connected to the back end 
of the radius rod by means of a link. 

In Fig. 26 are shown the parts of the Wal- 
schaert valve gear connecting the valve stem and 
the crosshead. It will be noticed that the radius 
rod connection with the lap and lead lever is above 
the valve stem connection, showing that the valve 
is inside admission. 

BBEAKDOWNS WI»H WAISCHAEET VALVE GEAB. 

Having considered the principles of the Wal- 
schaert valve motion, the next phase of the sub- 
ject to take np, and that which is of most interest 
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to all engineers, is — what may be done in case of a 
breakdown. It would be impossible to lay^ down 
rules to cover every ease that might arise ; but we 
can take up some of the more usual or most pos- 
sible failures and consider the best and quickest 
course to follow in such cases. 




Suppose, for instance, an eccentric crank, eccen- 
tric rod, or the foot of the link is broken ; or one of 
the link trunnions twisted off, the other trunnion 
holding the link in position. In such cases, take 
down the eccentric rod, disconnect the back end of 
the radius rod from the lift shaft arm and secure 
the link block in the center of the link. With the 
motion disconnected and blocked in this way, the 
valve on the lame side receives a travel from the 
lap and lead lever eoual to twice the amount of 
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the lap plus the lead, which gives a port opening 
ecjual to the amount of the lead. This permits of 
leaving the main rod up and running in with hoth 
sides; as the eyUnders ean be lubricated and, 
though the cut-off will be very short on the dis- 
abled side, the steam that is admitted will do a 
certain amount of work and the engine can be re- 
versed. 




Fig. 27 shows an engine with the valve gear 
disconnected and blocked as just described. In 
the design illustrated, the radius rod is connected 
to the lift shaft arm by means of a radius rod 
banger so that it can be readily disconnected by 
taking out the pin connecting the radius rod hang- 
er and the lift shaft arm. The link block is secured 
in the center of the link by means of two blocks 
shown, one placed below and the other above the 
link block and securely wedged in position. 

With the link block secured in the center of the 
link, care must be taken in making a stop that the 
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iiiaiii pin on the lame side is not on either quarter; 
as, in lliis ciisc, the lap and lead lever would be in 
a iierpeiiiiicnJar position, as sliown in the Ulustra- 
tiou, and (lie valve would bo central on the seat; 
anil, as the i>in on the other side would be on the 
dead renter, it would be impossible to move the 
onijine. 




In some arranfrenients of the Walschaert valve 
fjear. the rndins rod is directly eonneeted to the 
lift sliaTt nrni by means of a slip block or cross- 
head. Tt is ronnnon practice in such cases to make 
the lilt shaft arm In two pieces so that tlie radius 
rod may be easily (ll.sconnocted from it. as sbown 
in Fifj. 28. Ifemove tlio outer section of the lift 
shaft arm. lake otT the cap of the slip block, lift 
out tlie end of tlio radius rod and remove the slip 
block. 'I'lie parts that it is necessary to take down 
are sIuAvn in the foregroimd. The link block is 
secnrcd in lh<' center of the link in the .same way 
as in llio prcvioiis case. 
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So far, we have not considered any accidenta 
which would require blocking the valve to cover 
the ports. In all cases where this is necessary, if 
the engine has no relief valves in the cylinder 
heads to remove, it is good practice to take down 
the main rod on the disabled side. 




Suppose, for instance, the main rod was broken, 
or the piston rod bent, or a cylinder head knocked 
out. In any of these cases, if the valve has inside 
admission and there are no relief valves in the 
cylinder heads, the engine may be disconnected 
and blocked, as shown in Fig. 28a. Disconnect the 
front of the radius rod from the lap and lead lever 
and suspend it clear of the latter hy means of a 
wire or chain from some convenient support. Se- 
cure the valve to cover the ports. This can usually 
be done by means of the set screw provided in the 
valve stem crosshead for this purpose; but, if 
there is no such set screw, the valve stem cross- 
head may be blocked. Take down the main rod 
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and block the crosshead at the back end of the 
guides, as shown. With the valve motion discon- 
nected in this way, the reverse lever is free to 
operate tlie other side and the engine can be nm 
in on one side. If the crosshead arm, lap and lead 
lever connector, or lap and lead lever is broken, 
the engine might be blocked in the same way as il- 
lustrated in Fig. 28a ; except that, of course, such 
of the broken parts should be removed as would 
in any way interfere with the running of the en- 




If the valves have outside admission .and there 
are no relief valves in the cylinder heads, in cases 
where it is necessary to secure the valve to cover 
the ports snch as have been considered, the en^ne 
might be disconnected as shown in Fig. 28b. Dis- 
connect the radius rod from the lap and lead lever 
and take down the latter, as, otherwise, the front 
end of the radius rod would strike the lever as the 
radius rod moves back and forth to the motion of 
the link. Suspend the front end of the radius rod 
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from the valve stem crosshead guide, using for this 
purpose a wire or chain (the fire door chain if no 
other is at hand). Secure the valve to cover the 
ports and take down the main rod and block the 
crosshead at the back end of the guide. 

If the engine has cylinder relief valves and the 
main rod and piston on the disabled side are in 
condition to run, the main rod may be left up when 
the valve is secured to cover ihe ports. In that 
event, remove the relief valve from the cylinder 
heads to relieve compression and also permit of 
lubricating the cylinder. 




Suppose, for instance, the Ieij) and lead lever, 
laji and lead lever connector, or crossliead arm 
were broken; an engine with inside admission 
valves and relief valves in the cylinder heads conid 
be blocked, as shown in Fig. '28c. Disconnect the 
radius rod from the lap and lead lever and sus- 
pend it clear of the latter, as shown. Secure the 
valves to cover the ports. Tie the lower end of 
tiie lap and lead lever ahead by means of a rope 
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secured to the cvlinder cocks. Take out fhe relief 
valves, as previonsly recommended. The engine 
can then be mn in on one side. 

If the valves were outside admission, under 
the same conditions as assumed in the case illus- 
trated in Fig. 28c, the main rod could be left up 
and the engine disconnected in the same war; ex- 
cept that the lap and lead lever would have to be 
taken down in order to clear the radius rod. 

We have not attempted to enumerate all the ac- 
cidents that might occur on the road; but we trust 
that the explanation of what may be done in the 
cases considered will assist the en^neer to meet 
any troubles that might iK)ssibly happ^i to the 
Walschaert valve motion. 




TYPES OF MAIN RODS. 

(•)-Re(3angular ooM-tedion type ; (b).|.<r(Mi.Maioii type ; Uk. 
Sttapi : kk. Keys icx adjiuting brasses ; cc. Set tciews-^aixl U, Guaidt— Mcnriiv 
keys in positioa ; oo. Oil-cup. 
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TYPES OF SIDE RODS. 

(a)-Riectangular cross-section type^ with strap ends ; (d)-l 
with solid ends ; kk, Kejrs for taking up wear of brasses in 
provision made for this in solid-eod type, but woes braoet 
1^ new ones. 
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CHAPTER IX. 

GUIDES AND RODS. 

The croBshead is the medium of connection be- 
tween the piston rod and the main rod, by means 
of which the pressure exerted on the piston head 
by the steam is transmitted to the crank pin of the 
main driving wheels. 

The main rod cannot be connected directly to 
the piston rod because the strain on the piston 
rod, stuffing; box and packing gland would be too 
great. To overcome this the erosshead working 
in gnide bars is employed. 

The erosshead at piston end has a horizontal 
tapering socket at this end, through which a taper- 
ing key-way is cut at right angles perpendicularly 
to the socket. This socket receives the tapering 
end of the piston rod and a key is driven in the 
key-way which draws and holds the piston rod 
firmly in the erosshead. 

If this key becomes loosened or broken, or the 
piston rod breaks, it results in a bad pound. If 
tiie piston rod or key were to break the front cylin- 
der head would be destroyed, and it would be 
necessary to disconnect the valve stem and cover 
ports. 

The main rod end of the erosshead is equipped 
with a wrist pin extending across the extended 
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sides of the crosshead. The forward end of the 
main rod is connected to this wrist pin by a strap 
and bolts holding brasses that fit around the wrist 
pin and are adjusted by means of a tapering key, 
which is held tight by means of a set screw through 
a keeper at the bottom of the strap. If this key i& 
not properly adjusted a pound results that may 
cause a broken rod strap and other consequent 
damage. 

Q. 1. — In case of a broken wrist pin, front end 
strap to main rod or crosshead, what should be 
done? 

A. — Would take down the main rod and such 
other parts as breakage made necessary, block 
crosshead back in guides (because front cylinder 
head is more easily and cheaply replaced in case 
of damage from crosshead getting loose in guides 
through blocking working loose), disconnect valve 
stem and cover ports. 

Q. 2. — In the event that either a link lifter or 
arm or the reverse lever or reach rod broke, what 
should be done? 

A. — The same as for a broken link saddle pin. 

Q. 3. — If the reverse lever or reach rod were 
caught at short cut-off by a broken spring or 
hanger, how could the engine be moved? 

A. — By disconnecting the tumbling shaft arm 
and blocking over the link block pin with blocking 
that would allow sufficient power to be used to 
start the train. 

Q. 4. — What should be done in case of a broken 
main rod? 

A. — Would take off broken parts. Block cross- 
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lipad, disconnect valve stem and cover ports. 

Q. 5. — Why is it necessary to keep rod brasses 
keyed up properly? 

A. — To avoid their pounding. A pounding brass 
■will heat the same as one keyed too tight. 

Q. 6. — Should a rod key be slackened if a pin 
runs hot? 

A. — No, not unless it has been recently keyed 
and is found to be keyed too tight. Would look 
for the trouble from some other source, 

Q, 7. — How can it be determined if there is a 
pound in rod brasses or a driving bos? 

A. — Would put engine on quarter on side to be 
tried, have fireman give cylinders a little steam, 
then would throw lever back and forth, "chug" 
her. it is termed. A pound could readily be found 
by this means. Would not key brasses so they 
could not yield a bit under "chugging," or there 
would be a hot pin. 

Q. 8. — What should be done in case of a broken 
side rod or crank pin? 

A. — Would take down side rods on both sides 
on an eight-wheel engine, and if a main pin, the 
main rod on that side would have to come down. 

Q. 9. — Why must the opposite side rod come 
down? 

A. — Because with nothing to guide it when it 
reaches the center it is as apt to go up as down, 
in the wrong direction instead of the right, and 
then there would be more damage. On consoli- 
dated engines, if rod in front or back section were 
to break, would take down the same rod on the 
opposite side, because they have the same relation 
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to each other as the side rods of an eight-wheel 
engine. If in middle section all side rods would 
have to come down. On six-wheel conected en- 
gines, if back side rod were to break wonld take 
down back side rods. If a front side rod broke 
all side rods would have to come down, because 
knuckle joint back of pin would turn with crank 
pin and without rest of side rod. 

Q. 10. — If a lower rocker arm or if a link pin 
were to break, how should the engine be discon- 
nected ? 

A. — In the event it were a lower rocker arm^ 
all that would be necessary, unless the link inter- 
fered, would be to remove the broken part of the 
arm and cover the ports by placing the valve in 
its central position and leave the main rod up; 
otherwise it would be necessary to take down the 
eccentric straps and rods. If a link pin were 
broken there would be more or less danger of in- 
terference between the link and rocker arm, so 
the eccentric straps and rods only should be taken 
down and the ports covered. 



CHAPTER X. 

FRAMES AND TRUCKS. 

Q. 1. — What is tlie reason more right than left 
locomotive frames break on right lead engines ? 

A.- — There are several causes — poor design, 
welds, or material, or water in cylinders. When 
the right side leads, the engine always pounds 
harder on the right than on the left side, because 
when the right crank pin passes the forward center 
the left cylinder is pulling forward. This helps 
the right cylinder in pushing the right bos back 
against the jaw of the pedestiil, and the same 
result occurs on the back center on the ieft side. 
This is usually the cause of more right frames 
breaking than left frames on right lead engines. 
To have the left engine lead would merely trans- 
fer the trouble from one side to the other. Broken 
frames may be avoided by keeping the thimble 
bolts tight and the wedges set up. 

Q. 2.— If a frame breaks between the main 
driver and cylinder, what should be dooeT 

A.^ — It is safest to be towed in dead, otherwise 
would disconnect the disabled side and take engine 
in light. 

Q. 3. — If the frame broke back of the main 
driver, what should be doneT 

A. — (1) The side rods on both sides back of the 
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main driver should be taken down, then proceed, 
(2) The valve stem on disabled side should be 
disconnected, the ports covered and the main rod 
left up. The engine should proceed *' light'* with 
the good side. If it is a consolidation engine and 
the break is behind the main driver, the side-rods 
on the rear section only should be taken down. If 
a mogul type with the knuckle pin on the forward 
section of the side-rod, all side rods should be 
taken down. 

An engine disconnected on one side for a broken 
frame should not be worked harder than necessary 
to propel it *4ighf to the shop, because, if an 
attempt is made to pull a train with one side 
broken the other side will soon break in the same 
manner. So great is the risk of this occurring 
that it is considered good practice to have the 
engine ''towed in'' if possible. 

It will be observed that every time steam goes 
in between the back head and the piston the break 
opens, closing again when the steam is between 
the front head and the piston. This is apparent 
even when using only enough steam to run the 
engine ' ' light. ' ' This constant strain on the good 
side is doubtless often the starting point of an- 
other break. 

Q. 4. — If an engine truck wheel or axle breaks, 
what should be done? 

A. — It should be removed entirely or else be 
blocked up so as to have the wheel clear of the 
rail, and the truck frame should be fastened 
securely to the engine frame with chains. The 
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same should be done in the event of a tender truck 
wheel or axle breaking; tbe truck frame sbould 
be fastened with cliains to the tender frame. Then 
the engine should be taken slowly and cautiously 
to a point where repairs may be made. 

Q. 5. — If an engine truck spring or equalizer or 
a tender truck spring were to break, how should 
the engine be blocked^ 

A. — The truck frame should be allowed to ride 
on the boxes, if the pilot would not be too low; 
otherwise would block between the top of the 
boxes and the truck frame. Blocking for a broken 
tender spring varies according to the type of 
truck. Some have a eoil spring over each axle 
box and are easily taken care of; some have semi- 
elliptic springs with the spring band against the 
frame and the ends of* the spring resting on the 
arch bar' over the axle boxes, while others have 
elliptic or coil springs supporting the truck bolster 
and resting on the sand plank. It is necessary to 
block over each Individual box with the first; 
between the truck bolster and the tender frame, 
with the second, and for the third between the 
truck bolster and the plank. 

Q. 6.— If a tender truck breaks, what should be 
done? 

A. — Should the forward truck break would re- 
move it and would chain the front end of the 
tender frame to the rear end of the engine frame. 
If a rear truck, it could be replaced with a car 
truck, if one were available. Or, the tender could 
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be jacked up and the front truck put at the rear, 
and the front end chained to the engine frame as 
described. When a tender has been chained in this 
manner, would proceed cautiously and run the 
engine slowly. 



CHAPTER XI. 



TIBES^ WHEELS AND AXLES. 

Q. 1. — ^If a forward, main, intermediate, back 
or trailer tire breaks, what should be done in 
order to take engine in I 

A. — ^Wonld run the wheel on a wedge so as to 
clear the rail raider all conditions, remove the oil 
cellar and fit a block in its place. Then would 




Fig. 28d. 
Axle Blocked for Broken Driving Wheel. 

place another block between the bottom of the box 
and the pedestal binder, and block under the 
equalizers nearest the disabled wheel to take the 
weight off the ground. 

Q. 2. — AVliat should be done if a front tire on 
a ten-wheel engine breaks ? 

A. — If the side or main rods were damaged too 
badly to be left on, would take down the side-rods 
on the good side and run the engine with one side 
coupled to the main pin only. 
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In order to put the wheel in shape to be run in 
without doing further damage, would run it on a 
wedge about five inches thick, remove the oil 




BROKEN BACK TIRE ON EIGHT-WHEELER 
A— Block between ixa and frame. . B — Blodi ooder joanML 

Fig. 20. 

cellar, fit a block in its place, and fill all the space 
between the bottom of the driving box and the 
top of the pedestal brace with another block. 




How to Hmndle • Broken Truler Tiie or Biokoi Trailer Frqi*"*«?ifT 

Fig. 30. 

Q. 3.— What should be done if a back wheel 
breaks off its axle! 

A. — Would remove both the side-rods between 
the main and back pair of wheels and, if neces- 
sary, all the side-rods also. Put a jack under, the 
axles to raise the broken end, remove the oil cellar 
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and fit a Lardwood block between the axle and the- ^ 
pedestal brace or binder on the disabled side and 
block under the spring saddles. Would keep the 
good wheel on the rail and block on top of its bos 
and drive wedges between the drawbar and the 
chafing iron and block on top of both the maLn 
boses. Would then run engine ' ' light ' ' with great 
care. ] 

Should the axle break between the two driving' 
boxes, would, if possible, remove both wheels. If 
they could not be removed would block them up I 
high enough to clear the rail. If a heavy engine, 
would transfer part of its weight to the tender 
and block between the equalizer and the engine 




truck frame on both sides. Would then raise the 
back end of engine and block top of both main 
boxes and pnt wedges between the drawbar and 
the chafing iron. Should this be impracticable 
the engine could be run in "light," but would in- 
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sert a sliort piece of rail in the fire-box door, chain 
to the draw-bar and block up under the back end 
of the rail on the tender. If the latter method 
were followed the engine should be "towed in." 




Fig. 32. 
M'.-tLod of Raising and Blocking Wheel for Broken Tire. 

Q. 4. — AVliat should be done if a main wheel 
breaks off its axle? 

A. — AVould disconnect on broken side and re- 
move all the side-rods and the broken wheel. The 
eccentrics would serve to prevent the other wheel 
from leaving the rail. Even though a blind tire, 
would use a jack to raise the axles on the broken 
side. Kemove the oil cellar and fit a hardwood 
block l)otwecn the driving axle and the pedestal 
jaw or l)inder. Old rod-keys or any kind of iron 
(fould l)e used to block between the spring saddle 
and the top of the f riame to keep part of the weight 
off the axle at that point. Then the jack should 
1)0 removed. Would next slightly raise the engine 
on the broken side and block between the top of 
the driving box or the boxes nearest to the main 
wlio(»l on the broken side, using hardwood or iron. 
If an (Mght-wheeled engine would also block be- 
t\v(H'n the engine truck equalizers and the truck 
frame on both sides, because additional weight 
would be imposed upon the truck. If a consoli- 



AND BREAKDOWNS. 



151 



dated engine, would block on top of the two boxes 
nearest the main box only. The engine should 
then be let down and run slowly. 

Q. 5. — If a main wheel is cracked, what should 
be done? 

A, — If possible, would run engine slowly to the 
first side-track, provided the wheel were not too 
badly broken, but would watch it closely. Then 
would disconnect broken side and remove all the 
side-rods so as to take the strain off the crank pin 
on the broken wheel, and it might then bo possible 
to proceed. But, if the break were bad enough to 
render it unsafe to proceed "light," would block 
the wheel up to clear the rail the same as for a 
broken tire. Then would run very slowly and 
carefully. 

Q. 6. — If a main driving axle breaks, what 
should be done ? 

A. — If an eight- wheel engine with the axle 
broken off outside of the driving box, would re- 
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move the spring over the broken axle and jack up 
the broken axle to free the driving box cellar. 
AVould nest remove the cellar and fit a solid block 
of wood between the axle and the binder brace and 
nail a strip across each side to prevent it from 
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falling out. All the side-rods would have to be 
taken down and the engine run slowly, using only 
one side. 

Q. 7. — If an axle or a back tire breaks on a con- 
solidation engine, what should be done? 

A. — If the back driving axle broke and if no 
other damage were done, would remove both sec- 
tions of the side-rods, jack up the broken end of 
the journal level and make it secure by blocking 
between the bottom of the box and the pedestal 
brace. If the firebox extended over the frame and 
the springs were between the pedestal jaws and 
under the top, would pry up the back end of the 
spring as high as possible and block there. If 
necessary, would disconnect the front end of the 
back equalizer. If the springs and equalizers were 
above the frame, would block between the top of 
the frame and the spring saddle. The object, in 
either case, being to relieve the box of the weight 
it carries. If the second and third drivers had 
blind tires, would chain around the tail-piece of 
the engine frame on the disabled side and across 
to the opposite side to the front corner of the 
tender frame, using wedges to make it hold as 
tightly as possible. This would crowd the engine 
over against the flanged driver. Would cut out 
the driver brake and then run engine carefully, 
especially around curves and through frogs and 
switches. 

For a broken tire, would follow the same pro- 
cedure, with the exception of taking down the back 
sections of the side-rods, which in this case could 
be left up, provided they were not damaged badly 
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enough to warrant their removal. 

Q, 8. — If a tender truck axle or wheel breaks, 
what should be done? 

A.^ — If the front wheel or the axle of the leading 
tender truck were broken and no jacks available, 
would take up all the slack by twisting the check 
or safety chains. Then would put a block at an 
angle between the tie and the tender frame and 
move the engine a few inches ahead to raise the 
tender frame and carry the truck up at the dis- 
abled end. After blocking the truck, would let 
down the tender frame by backing off the block; 
tighten the safety chains and, if necessary, raise 
the tender frame again in the same manner. 
Would put a rail across the tender frame or on the 
wafer-bottom over the shoveling plate, and chain 
the disabled end of the track to the ends of it. 
Would chain the broken axle to prevent it from 
falling down or getting in the way. If any other 
wheel or axle were broken in the tender, would 
follow the same general procedure. A piece of 
rail or a long, stout piece of wood could be put 
across top of tender over the coping, but to pre- 
vent it from bearing upon the coping it should be 
blocked on top of the tank plates. The defective 
end of the truck on each side could then be chained 
to the overhanging end of the rail or wood (as 
may be) the good boxes blocked over and the 
frame blocked under to relieve the strain on the 
chain. 
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LUBRICATION.* 



Q. 1. — What should be done when a box gets 
hot? 

A. — ^When a box gets hot where grease is not 
used, would discontinue the use of car or engine 
oil and use valve oil. If possible, would cool iiie 
box before using any oil. Because to pour engine 
oil on a hot box without cooling it down to normal 
temperature would be adding fuel to the flames. 

Q. 2. — AVhen a box or bearing heats, what is 
the first thing which should be noted! 

A. — AVould first see if it had been getting all 
the oil intended for it and whether any unusual 
condition liad caused it to heat. These troubles 
usually occur when minutes are precious so there 
would be no time to waste. If the oil had not been 
reaching the bearings in sufficient quantities would 
remedy it as quickly as possible and give a more 
liberal supply until conditions became again 
normal. 

Q. 3. — If an engine truck journal, tank truck 
journal or driving journal became too hot, what 
should be done to remedy it? 



* For further particulars in regard to Lubrication the reader 
is referred to another vohime of "The Science of Railways'' 
series relating to Locomotive Appliances. 
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A. — If engine were equipped with water pipes 
for the purpose would turn on the water and have 
the bos repacked at teiminal. If not so equipped 
and the box were not too hot, would give repeated 
liberal supplies of valve oil, which usually an- 
swers until terminal can be reached. If it became 
necessaiy to pack the box, would cool it down 
thoroughly before doing so. If a driving cellar 
were behind the eccentrics, would run in at a 
slower rate of speed, if necessary, because less 
time would be lost than would be lost in packing 
it, were it possible to do so on the road. By cooling 
it down occasionally and giving it a free supply 
of valve oil one can usually go along in good 
shape. A hot eccentric may be run at a high rate 
of speed, if oiled liberally every few miles with 
valve oil, and unless something out of tiie ordinary 
were the matter it would eventually coo! down. It 
would he best to leave the eccentric straps open 
unless they had been recently closed and were 
heating on account of being too tight. If they had 
been running good, a stopped-up oil-hole or some 
foreign substance between the eccentric and straps 
would most likely be found to be the cause of the 
trouble. Sometimes a brass is allowed to remain 
in a tank-truck or ongine-truek oil box until it be- 
comes too thin, and so causes the box to heat. Or, 
it may split and cut the journal and so require 
renewing on the road. It would be better to have 
tliese changes made before trouble occurs. Prac- 
tical experience will usually enable an engineer to 
tell when a brass has worn to about the limit of 
thinness. A driving brass worn too thin gives 
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trouble until it is replaced with a heavy one. The 
speed of train also has a bearing on these matters. 

Q. 4. — In replacing a box, what care should be 
exercised ? 

A. — Would see that packing was thoroughly sat- 
urated with oil, and pushed to back of the box to 
lubricate the rear of the journal. Also that the 
packing was not put into the box so tightly as to 
force out the oil and so cause the packing to be- 
come hard and dry. Packing should fill the box 
loosely, so care should be taken to see that it 
reaches well up to the journal. Attiention to these 
things before going out saves much annoyance and 
delay on the road. It is not the amount of oil 
used but the fact that what is used is applied at 
the proper time and in the proper place and man- 
ner that counts. 

Q. 5. — To insure the oil reaching the bearings 
in very cold weather, what should be done? 

A. — Oil holes opened frequently and the aver- 
age engine oil thinned with kerosene, otherwise it 
would not lubricate until a bearing became hot 
and warmed it. If not thinned with kerosene, the 
oil in a hand oiler taken from the boiler-head be- 
comes too thick to use, in very cold weather, 
before one can get around his engine. 

Q. 6. — How is grease, or, as it is sometimes 
termed, hard oil, applied to crank pins? 

A. — A large hollow cup is attached to the top 
side of the rod straps. A small hole leads from 
the bottom of the cup down through the strap to 
the pin. The inner side of this cup is threaded 
to fit a plug that is screwed down on the grease 
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within the cup, forcing it down on tlie pin until 
the supply within the cup is exhausted. A turn 
or a little more than a turn is sufficient to run a 
pin an ordinary trip under normal conditions. 

If grease is forced down too hard on a pin it 
tends to increase friction and heat, and the grease 
forced out around the collar of the pin and the 
linh of the wheel is largely wasted, and the cost of 
lubrication is thus increased. Experience enables 
engineers to know when the grease under the plug 
feels firm enough to indicate that sufficient pres- 
sure has been applied to it and that it is time to 
quit forcing the plug down. 

Pins will run warmer with grease than with oil 
as a lubricant, partly owing to the grease causing 
a little more friction and partly owing to the fact 
that it does not commence to lubricate until 
slightly warmed. There is practically no danger 
of throwing the babbitt or cutting a pin if grease 
is kept on the bearing, but, of course, more will 
be used. 

A hard rain storm washes the grease away from 
around the collars so the plugs then need to be 
screwed down more often than ordinarily. 

Water used on crank pins equipped with a 
grease-cup washes the lubricant away. Therefore 
neither water nor oil should be used, because the 
grease is capable of meeting all requirements if 
properly supplied. 

Q. 7. — How is grease applied to driving jour- 
nals? 

A. — A plate is used in the driving cellar called 
a follower plate. Between this plate and the hot- 
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torn of the cellar a spring is located that crowds 
the follower plate upwards. The grease is placed 
on top of the follower plate in strips the length 
of the journal bearing, and as the grease is worn 
away by the revolving journal the spring pushes 
it up until the supply is exhausted. The strips of 
grease do not come in direct contact with the 
journal, but the grease is forced through a per- 
forated plate at the top of the cellar to the journal. 

Q. 8. — How may it be known when the supply 
of grease in a cellar is exhausted? 

A. — By two indicators fastened to the follower 
plates and extending down through the bottom of 
the collar. They are located one near each end 
of the cellar. AVhen the rings at the lower end 
of the indicators are up to the bottom of the cel- 
lar it is time to repack it. 

Q. 9. — Should an engineer note the condition of 
grease cellars before going out on a trip? 

A. — Yes: while it ought not to be necessary 
for him to do so, yet it may save him a great deal 
of bother later on. 

A cellar runs a good many thousand miles with 
one filling, so the indicators do not need to show 
much in the cellar in order for it to contain 
enough to make one trip. 

Q. 10. — How should a driving cellar be packed, 
if necessary, with grease on the road? 

A. — Would remove plate on front of cellar. 
Pull indicators down and fasten them. This would 
bring follower plate down so that strips of grease 
equal to the length of the journal bearing f?>Jild 
be laid on it. 
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Would put side strips in first and fill the 
center next. Would replace end plate and re- 
lease indicators. Grease for collars is harder than 
that used in rod cups. A supply for emergencies 
is a good thing to have on one's engine. 

Q. 11. — Are any changes necessary in the driv- 
ing box when grease is used in the driving cellars 
instead of waste and oil ? 

A. — Yes, several. There is no oil hole in the 
top of the box or bearing, nor grooves in the 
latter, but, instead, slots are cut in the sides* 
of the bearing. 



CHAPTER Xin. 



LUBRICATORS.* 



Q. 1. — If a cylinder lubricator would not work, 
what should be done? 

A. — The lubricator should be disconnected and 
the cylinders oiled through the feed pipes the 
same as was formerly done with the old-fashioned 
cylinder lubricators. Exactly how to do it de- 
pends somewhat upon the type of lubricator. It 
is usually possible to disconnect it so the work 
may be done as follows : 

For example — ^With a Nathan lubricator, as 
shown in Fig. 18, which may have stopped feed- 
ing oil because of the glass breaking, or for any 
other reason, the valves A and B should be closed. 
This would cut off the flow of oil through the 
glass of passage affected, but would not in any 
way interfere with the rest of the lubricator. 

The special tallow cups C, provided on these 
lubricators, may be opened and used in the same 
way as the old-fashioned cab oilers when the en- 
gine is on a down grade, or at any other time 
when drifting with the throttle closed. They may 
be used, also, at any time to supplement the sup- 



* For further particulars in regard to Lubricators the reader 
is referred to another volume of **The Science of Kailways*' 
series relating to Locomotive Appliances. 
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ply of oil to the cylinder in any quantity, as in 
the case of common non-automatic lubricators. 
This method could be employed with possibly some 
changes in detail of operation and arrangements 
with all types of sight-feed automatic lubricators. 

Q. 2. — What would cause irregular action of an 
automatic sight-feed cylinder lubricator? 

A. — If the fitting of the choke plugs were too 
loose, or the feed holes too large, the result would 
be an intermittent feed. This hole should not 
be more than 1-32 inch in diameter. An obstruc- 
tion in the equalizing tubes would also cause an 
irregular action. These tubes should be kept free 
and clean and the choke plugs tight. 

Q. 3. — What should first be done when a lu- 
bricator does not work! 

A. — The bottom cocks opened and a full head of 
steam turned on, in order to blow it out. Should 
this fail to put it in operation the sight feed 
glasses should be taken out and the feeders ex- 
amined at the bottom, where they should be clean 
and clear. Should this fail it should be discon- 
nected, as already explained. 

Q. 4.^If a Nathan lubricator fails to feed, al- 
though the feed glasses fill with water while not 
working, and all the water leaves the glass as 
soon as an attempt is made to use the feed, what is 
most likely to be the trouble? 

A. — The trouble could be caused by not having 
had full steam pressure on the lubricator when 
the engine was moved out of the roundhouse. 
The water valve was probably opened, but not the 
steam valv'e. Hence, there was a direct opening 
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from the lubricator to the steam chest by reason 
of the water valve drawing the condensed water 
from the condenser and then siphoning the oil 
through the water tube out of the oil chamber. 
This would cause the water from the sight-feed 
glasses, together with any oil on top thereof, to 
be drawn into the oil chamber. Tbis would last 
until the oil chamber became solidly full, then 
the feed glasses would till up with water again, 
and if, in the meantime, the condenser regained 
condensed water, the cup would feed oil again. 
The remedy would be in opening the steam valve 
full before the engine was moved. 

Q. 5. — If the water gauge glass breaks, what 
should be done? 

A.— If the fittings were not supplied with au- 
tomatic, self-closing valves this, although only a 
minor accident, might cause serious injury to the 
enginemen, especially the fireman, by pieces of 
flying glass. The cocks at top and bottom of 
fitting should be closed, thus shutting off the es- 
caping steam. The gauge cocks should be used to 
learn the water level for the rest of the trip. 

Q. 6. — Where should the trouble he looked for 
when a lubricator feeds irregularly? 

A. — If a Detroit lubricator feeds irregularly, 
the trouble should be looked for at the automatic 
steam chest valves (see Fig. 35) or in such chokes 
as are located at the lubricator end of tallow 
pipes. "When the opening through any of these 
chokes is enlarged above the standard, the feed 
will "race" or be more rapid. 

The function of these automatic steam chest 
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plugs and valves is twofold: First, that by their 
use and location the lubricators feed against a 
constant boiler pressure and not against a fiuctu- 




Clie^t Plug aud Valve. 



ating pressure as was the practice in the earlier 
type of hibricators; second, the valves or chokes 
restrict the flow of steam to the steam chest to 
that volume that will balance the feeds to a nni- 
foi-m rate, regardless of the position of throttle 
or lever. 



CHAPTEE XIV. 

IHJECTOES,* 

Q. 1. — Why will a lifting injector not restart I 
when it breaks I 

A. — Because the injector having a closed over- I 
flow the steam flows hack through the tank hose in- 
to the tank when the injector breaks, thus the 
water in the tank: is kept from reaching the in- 
jector. 

Q. 2. — Why will the restarting injector start 
working automatically when it breaks? 

A. — Because passages are provided for the es- 
cape of the steam to the atmosphere when the in- 
jector breaks, and as the water continues to reach 
the injector, it works automatically. 

Q. 3. — If an injector had been working satisfac- 
torily and suddenly stopped working, where first 
should the trouble be looked for? 

A. — In the water supply. The tank valve might 
have become disconnected. The strainer might be 
stopped up or fine coal or cinders might have 
gathered about the tank valve. 

Q. 4. — How could the obstruction be removed 
without stopping the engine and taking the hoae 
down? 

" For further partieulars in regard to Injectors the reader 
Is referreil to another volume of "The Science of Bailwaya" 
teries relating to Locomotive Appliances, 
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A. — By closing the overflow valve and blowing 
a heavy jet of steam back through the tank hose 
from the injector steam throttle; if this would 
not suffice it would be necessary to take the hose 
down at the first opportunity. Should air suck 
into the feed pipe at any point the injector would 
break, so would look out for this trouble also. 

Q. 5. — What would cause an injector to fail 
to prime? 

A. — Low water in the tank, leaky boiler check- 
valve, or other leak of steam to injector, which 
would destroy the vacuum, or through an overflow 
pipe being stopped up. 

Q. 6. — In case an injector had not been used 
for some time, what might occur? 

A. — The boiler check valve might have become 
corroded and stuck fast to its seat so injector 
could not work, or the tubes might have become 
corroded and partly stopped up. 

Q. 7. — If a boiler check valve would only partly 
lift when injector was started, what would be the 
result t 

A. — AYater would be thrown out on the ground 
through the overflow pipe. 

Q. 8. — Under either of these conditions could 
anything be done to remedy it? 

A. — Would open cock to frost pipe and tap 
boiler check-valve cage and try to work the in- 
jector ; this sometimes loosens the valve from its 
seat and permits the injector to work properly. 

Q. 9. — AVliat effect has loose tubes on the work- 
ing of an injector? 

A. — They cause the injector to break. 
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Q. lO.^If the steam furnished by the injector 
steam throttle is not all condensed, what would be 
the result! 

A. — The injector would not work, or would only 
partly take up the water. To remedy it would 
either reduce the supply of steam or increase the 
supply of water. 

Q. 11. — Would variation of steam pressure on 
the boiler have any effect on the working of an in- 
jector? 

A. — Tes ; were the steam pressure to fall consid- 
erably, the supply of water would have to be de- 
creased or the injector would not take it all up, 
or the boiler would be oversupplied with water, 

Q. 12.— What effect does bad water have upon 
injectors? 

A. — It corrodes or limes them up. They soon 
get in .'iuch a bad condition that they will not 
work. A bath in muriatic acid becomes necessary, 
in order to restore them to good working condi- 
tion. 

Q. 13. — Which injector corrodes most quickly, 
a lifting or non-lifting injector? 

A. — A lifting injector, on account of steam be- 
ing continually in the body of the injector. In 
some localities where the water is very bad and 
injectors corrode quickly, only the non-lifting in- 
jectors are used, in order to avoid so often chang- 
ing and cleaning injectors. 

Q. 14. — When a water glass is broken, how may 
a new glass be cut to replace it? 

A. — By making a scratch around the inside of 
the glass tube with a piece of hardened steel with 
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a bent point, the tube can then easily and ac- 
curately be broken where marked. 

Q. 15. — What precautions ought to be taken 
when replacing a broken water glass f 

A. — If, when replacing it, the boiler is hot the 
packing at the ends of the glass should be screwed 
up very loosely to provide against unequal ex- 
pansion between the glass and the frame, which 
would, of course, put too much pressure on the 
glass and break it. When in position it should be 
allowed to stand long enough to become as warm 
as when in contact with the heated parts of the 
frame. Then the upper valve should be started 
enough to allow a little leakage of steam into 
the glass. Then a considerable amount of con- 
densation should be allowed to collect at the bot- 
tom before the lower valve is started in the same 
way. Then when the water level indicates ap- 
proximately the same level as the boiler, the valves 
should be gradually opened until in their normal 
working position. 

Then the packing glands should be screwed care- 
fully and gradually until all the leaking stops. 
However, it should be remembered it is better to 
have a leak than to screw in the packing too rap- 
idly, because the glass should be perfectly free 
to expand lengthwise and diametrically, in order 
to adjust itself to normal working condition and 
be free from strain. 

Q. 16. — AVliat was the trouJ)le with these injec- 
tors? Following is an account of their action: 

'^Everything went right until it became nec- 
essary to use the second injector to keep water 
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in the boiler; then trouble began; neither would 
"work satisfactorily and both threw water on the 
groimd, although one injector at a time would 
work on either side. The main steam valve to the 
turret, or combination valve, was wide open and 
the other boiler attachments, such as blower, lu- 
bricator and air-pump, worked all right." 

A. — In this ease it is evident the trouble was 
not in the injectors, because they worked all right 
when but one at a time was used. They did not 
get a sufficient quantity of steam to force the 
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water into the boiler. This could have been caused 
by some obstruction in the steam pipe leading 
from the dome to the combination valve, or turret. 
A rivet, stud or nut may have dropped into the 
steam pipe, obstructing the flow of steam from the 
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boiler to the injector throttles ; or, the area of the 
opening which leads from the boiler to the main 
valve may have been insnflScient to equal the com- 
bined area of the valves for the other boiler at- 
tachments. Sometimes this trouble occurs through 
the use of a combination valve designed for safety 
in case of accident. The two illustrations show 
valves of the same exterior appearance. The one 
with the single valve, Fig. A, is fast to the stem. 
It can be opened wide by raising it ^4: i^ch from 
its seat for every inch of diameter, and if then 
given a turn or two will do no harm. But the 
other, Fig. B, with the double valve, should only 
be opened to about the middle position,, as shown 
in the cut. Should this valve be opened the same 
as the other it is obvious the spring tmder the 
lower valve would force it to its seat and reduce 
the flow of steam, if it did not shut it off entirely, 
so both injectors would not work at the same time, 
because of insufficient steam. The effect of the re- 
striction would not be as apparent on the action of 
the blower, air-pump, and lubricator; although, 
if they get a liberal supply of steam to the turret, 
they will work much better. 



CHAPTER XV. 

COMPOUNDS. 

Q. 1. — How should a test be made of valve 
blows in a Vauclain four-cylinder f 

A.— It is quite difficult to distinguisli the dif- 
ference in blows because several different de- 
fects produce the same effect on the valve mo- 
tion, or the sound of the exhaust in a Vauclain 
compound. Care should be taken not to mis- 
take two light exhausts on one side for two heavy 
exhausts on the other. One loud exhaust on the 
Vauclain compound could be caused by rings 
either Xos. 1, 2, 3, G, 7 or S being broken. Rings 
Nos. 1 and 8 broken would give more port opening 
at the end of the high pressure cylinder on which 
the ring was broken. Thi^ would go to the op- 
posite end of the low-pressure cylinder and pro- 
duce a heavy exhaust. If rings Nos. 3 or 6 were 
broken, the volume of steam admitted to the low- 
pressure cylinder would be increased with the 
same effect. If rings Nos. 2 or 7 were broken, it 
would give one heavy exhaust on that side of the 
engine, because the steam would blow past tiie 
ring from the live steam-way directly into the hol- 
low of the valve, when the steam port at the op- 
posite end of the valve was open. If a heavy ex- 
haust should come from the front end of the 
171 
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right side it could be caused by rings Nos, 8 or 
2 being broken, which would increase the pressure 
in the low-pressure cylinder, producing a beavj' 
exhaust. The illustration and method of making 
tests is as follows : 

The engine should be placed on the bottom 
quarter on the side to be tested; the drivers 




blocked or the brakes sot, and then both indicator 
plugs on the high-pressure cylinder should be 
removed. If the engine were not equipped with 
plugs, the pops of the water relief valves on the 
cylinder heads should be removed, the engine 
given steam and care taken to see that the throttle 
was opened sufficiently to set the packing rings 
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ont against the bushing. If the ports could be cov- 
ered, it would show rings 1 and 8 to be in good 
order. In making a test for a high-pressure pack- 
ing blow, the reverse lever should be put in for- 
ward motion, which would open the front port to 
the high-pressure cylinder ; the starting valve 
should be closed and the indicator plug or pop 
should be at the back end of the high-presaure 
cylinder. When steam blows out of the indicator 
plug, the high pressure packing may be blowing, 
or ring Xo. 7 may be broken. To determine which, 
the indicator plug should be replaced in the back 
end, the front end removed and the reverse lever 
put in the back motion, and the same test made. 
If the high-pre.=!sure packing, it would then show; 
if ring No. 7 it would not show. To make a test 
for the low-pressure packing, the rever?^e h'ver 
.siiould be put in fon\'ard motion with all the in- 
dicator plugs in except the one in the back end of 
the low-pressure cylinder. The starting valve 
should then be opened, which would admit steam 
to the back end of the high-pressure cylinder, the 
hollow of the valve and tlie front end of the low- 
pressure cylinder. Then if the low-pressure pack- 
ing were blowing it could be noted at the back of 
the indicator plug. In this position, if rings Nos. 
3 and -1- or 5 and G were broken, steam would blow 
through the stack. The blow would, in either case, 
lie light, because to produce it the steam would 
have to pass through the starting valve. 

Q. 2. — MHiat should be done when the stem of 
intercei»ting valve breaks on a Schenectady two- 
oylinder compound? 
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A. — The engine should be run simple, after the 
valve has been blocked so as to allow it. This 
could easily be done by clamping the stem or rod, 
but, if not, the head should be removed and a 
block inserted to hold the valve in place and the 
head replaced. 

Q. 3. — What should be done if the by-pass valve 
breaks on low-pressure side of Schenectady com- 
pound ? 

A. — To locate a defective by-pass valve on the 
low-pressure side of a Schenectady two-cylinder 
compound, the engine should be placed on upper 
quarter on the low-pressure side and the lever re- 
versed in forward motion. The separate exhaust 
valve should be closed by placing the three-way 
cock in the compound position to admit steam to 
the cylinder. Then if a blow came from the 
exhaust the defect would be found in the forward 
by-pass valve. Should a blow occur with the lever 
in the back motion (engine in same position), 
the defect would be found in the back by-pass 
valve. 

Q. 4. — What should be done if the by-pass valve 
breaks on high-pressure side of Schenectady com- 
pound ? 

A. — The same as for the low-pressure side, 
except that in this case, the separate exhaust valve 
would be opened by placing the three-way cock in 
simple position. A blow from a broken by-pass 
valve may easily be distinguished from other 
blows. It is very strong, occurring only during 
one stroke of the piston. For example — If the 
blow occurs during the forward stroke, the defect 
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would be found in the forward valve. To remedy 
it, the by-pass valve casing should he removed 
from the side of the cylinder and both openings 
covered with a thin copper or sheet-iron gasket; 
then the casing should be replaced. 

Q. 5. — What should be done vrhen a cylinder 
head is broken on a Schenectady compound t 

A.— If the high-pressure side were disabled it 
should be disconnected and blocked, the ports cov- 
ered and the separate exhaust valve opened the 
same as when running simple. If the low-pressure 
side were disabled, would block, cover the ports 
and open the separate exhaust valve. In the event 
the engine was without air for the operation of 
the separate exhaust valve, would remove head 
from cylinder and insert a block, preferably of 
wood, about three inches thick, and replace the 
head over the block. 

Q. 6. — ^Vhat should be done if a steam chest 
breaks on a two-cylinder Schenectady compound t 

A. — If a low-pressure steam chest were broken 
the high-pressure side should be used as a simple 
engine, which could be done by taking out the 
intercepting valve and blocking the reducing valve 
in the closed position, so that when the intercept- 
ing valve has been replaced, steam could not get 
to the low-pressure side with the intercepting 
valve in simple position. 

Q. 7. — What should be done if a lorward motion 
eccentric on left side were broken on Schenectady 
compound f 

A. — The ports covered, valve rod disconnected, 
the remnant of the broken eccentric removed, and 
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also the back motion and the main rod taken down 
and live steam used in the low-pressure cylinder 
to run the engine. 

Q. 8. — AVhat should be done when valve rings 
break on a Schenectady compound? 

A. — If the rings were not caught in the ports, 
vrould use less throttle than when ordinarilv work- 
ing the engine compound. The steam which would 
leak by the broken rings would pass into the 
receiver, and could do effective work in the low- 
])ressure cylinder. 

Q. 9. — How should test be made for a blow in 
low-pressure cylinder of Schenectady cross com- 
pound ? 

A. — The handle of the operating valve should 
be moved to simple position, and the test made in 
the usual manner the same as for a simple en- 
gine. 

Q. 10. — A^liat should be done when a low-pres- 
sure head is gone from a Schenectady cross com- 
pound ? 

A. — The valve stem on the disabled side should 
be disconnected, the valve blocked in the center of 
the seat, the separate exhaust valve opened and 
the engine run on one side. 

Q. 11. — What should be done when a high-pres- 
sure cylinder head is blown off a Schenectady 
cross compound. 

A. — The valve stem on the high-pressure side 
should be disconnected, the ports covered, the 
engine cut into simple position and run on one 
side. The separate exhaust valve should be kept 
open, so that in case the high-pressure valve were 
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to leak or shift, steam would not bauk up in the 
receiver and temporarily interfere with the work- 
ing of "the engine. 

Q. 12. — What should be done when a transmis- 
eion bar is broken on a Schenectady cross com- 
pound? 

A. — If the transmission bar were broken on the 
right or low-pressure side, the broken parts should 
be removed if they would he likely to interfere 
and cause further damage, and the valve blocked 
central. The excess pressure valves in the low- 
pressure cylinder heads should then be removed, 
the separate exhaust valve opened, and engine run 
on one side. If the left or high-pressure side 
transmission bar were broken, the same procedure 
should be followed for the right side, except that 
it would be necessary in that case to cut the en- 
gine into simple position. If there were no ex- 
cess pressure valves in the cylinder heads, it also 
would be necessary, in order to oil the piston, 
either to loosen up the front cylinder head, or 
block the valve so that the back port would be 
opened enough to admit a little steam. This 
would allow the lubricator on that side to be 
worked to keep the cylinder oiled. Taking down 
the main rod would be inadvisable, as the engine 
might get stuck on the center, and, in that event, 
it would be needed to help get it off. 

Q. 13. — What should be done when a high- 
pressure piston is broken otf rod on Schenectady 
cross compound? 

A. — If, in breaking off, the front cylinder head 
were not knocked out, it should first be removed 
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and the piston head taken out (to prevent its being 
lost ) . Then the valve stem should be disconnected 
and the ports covered on that side, the engine cut 
into simple position and run on one side. 

If the front cvlinder head were not knocked 
off, it should be taken off, and the piston head re- 
moved (to prevent losing) ; then the cylinder head 
should be replaced, the valve stem disconnected, 
and the ports covered on that side, the engine cut 
into simple position and run on one side. 

Q. 14. — What should be done with separate ex- 
haust valve stuck on Schenectady cross com- 
pound? 

A. — The separate exhaust valve sticking shut is 
generally due to gum or dirt, caused through using 
engine oil. This can best be corrected by a liberal 
application of headlight oil, followed by valve 
oil. If quite certain that the pipe leading to the 
separate exhaust valve (emergency pipe) is open, 
a sharp blow on the head of the chamber with a 
block of wood may jar the valve loose. The valve 
sticks shut either because it is gunamed up or the 
emergency pipe leading to it is stopped up. 

Q. 15. — What should be done when the low-pres- 
sure side is demolished on a Eichmond compound? 

A. — Assuming the cylinder to be broken off en- 
tirely, if the cylinder saddle and intercepting valv^ 
were not damaged, all the broken parts on the 
disabled side should be taken down, a blind gasket 
slipped over the steam port leading from the small 
steam pipe to the reducing valve chamber, the 
intercepting valve blocked shut, and the engine 
run with high-pressure side. On account of the 
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restricted opening through tlie separate exhaust 
Falve, the best speed possible with a train would 
be about eight to ten miles per hour. 

Q. 16. — Wliat should be done when a side-rod is 
broken on a four-wheel, connected (balanced) 
Baldwin compound? 

A. — If the aide-rod breaks on an engine of this 
type, where the high-pressure cylinders are con- 
aected to the front axle and the low-pressure cyl- 
inders are connected to the second driving axle, 
the eccentrics being on the second asie, the high- 
pressure piston should be removed and the loco- 
iiotive run with the low-pressure cylinders. Under 
these conditions the engine could be run as a 
aingle expansion engine; the high-pressure cyl- 
inders merely serving as a steam chest for the low- 
pressure cylinders. 

For further details regarding the operation of 
Compounds, see the volume of "The Science of 
Railways" series, "Engineers and Firemen's 
Handbook." 
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CHAPTER XVI. 

AUTOMATIC BELL-BIXGERS* 

The automatic bell-ringer is usually operated 
by air; it consists of a crank attached to the bell 
yoke; from this crank a small rod passes down 
inside a pipe or hollow shaft which is connected 
with the piston rod. The air cylinder is attached 
to the bottom of the bell stand and contains the 
valve that controls the admission, cut-off and ex- 
haust of the air, and the piston and piston rod. 

The air is admitted to the bell-ringer by a globe 
valve located in the cab, and is conveyed to the 
air cylinder by a small pipe connected to the 
main reservoir pipe below the engineer's brake 
valve. 

The valve in the air cylinder works over air 
inlet port and exhaust port. The admitted air 
strikes the valve in the cylinder and forces the 
piston up until the exhaust port is opened and 
the admission is closed by the movement of the 
valve, then the air escapes and the weight of the 
bell pushes the piston down, and the valve back 
to its former position; when, the admission port 
being opened, the piston is again forced up by the 

* I'or further particulars in regard to various styles of Auto- 
Tiintic 5^>ell Kingers the reader is referred to another volume of 
* * The Sc'icnee of Railways ' ' series relating to Locomotive Appli- 
ances. 
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action of the compressed air. The travel of the 
crank rod is adjusted to regulate the motion of 
the bell by an adjusting screw. 

Too much crank rod travel or too much air ad- 
mission causes the bell to turn over and over in- 
stead of moving back and forth as intended. 
Sometimes more air must be admitted to start a 
bell than is necessary to move it properly; but 
after it is once started, if the supply is reduced, 
the bell will work properly. 

Valve oil should be used sparingly in the air 
cylinder of a beil-ringer. The yoke bearings on 
the bell stand should be kept well oiled to reduce 
friction and wear. 

Q. — Should a bell-ringer refuse to work, what 
should be done 1 

A. — Failure of this part of the engine mecha- 
nism is usually due to neglect. Dirt is usually the 
cause. Notwithstanding whether compressed air 
or steam be employed for its operation, oil to 
lubricate the cylinder must be used. As a rule, the 
trouble is not that an insufficient quantity is sup- 
plied, but too much, and generally in larger quan- 
tities than the cylinder can take care of ; as a re- 
sult, the exhaust pipe soon becomes filled with 
cooked oil, the pressure cannot escape as the bell 
pushes the piston down, and the apparatus be- 
comes choked. When a bell-ringer fails to work it 
should be taken apart to see that it is clean. 

Bell-ringers are usually operated by a single 
acting piston, the valve, in one direction at least, 
being moved by the weight of the bell. The mech- 
anism ordinarily is very simple. Tet failure to 
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operate may easily occur. For example, in the 
Gollmar ringer, shown in Fig. 38. The air or 
steam (as the case may be) is admitted through 
port a to the interior of the hollow cylindrical 
valve c. As piston d is raised by this pressure, the 
end of the stem e strikes against the lug of the 
valve c, through which it passes. So that the ex- 
haust may escape, valve c should be raised high 
enough for its lower edge to be above the exhaust 
opening b. 

The stem e, after being adjusted, is held in its 
proper position by the check nut /. Should this 
nut work loose and the stud e unscrew, valve c 
■will not be raised high enough to allow the exhaust 
to escape, resulting in the ringer being stopped. 

Stoppage may also result from a leakage of the 
piston packing ring, but comes on very slowly, and 
manifests itself by a gradual weakening of its 
action so there should be no difficulty in locating 
the trouble. 

The mechanism being so simple, the cylinder 
head should be taken off and all parts removed 
and examination made when it refuses to work. 
By measuring the height of the exhaust port 6 
above the bottom of the cylinder and knowing the 
stroke of the piston, it is an easy matter to sub- 
tract the former from the latter and ascertain 
whether the stem e is adjusted to give the proper 
lift or not. 
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INTRODUCTION. 



The motive power of a railroad is like cash in hand 
or good credit in the case of an individual. It makes 
things go ; and if wisely handled represents a great and 
potential force — Prosperity, in fact. The care and wis- 
dom exercised, therefore, in Supervising and adminis- 
tering the locomotive department tends to the pros- 
perity of railroad*, or the reverse. Everything, then, 
that helps toward good government, adds knowledge 
and incentive in regard to the affairs of this great and 
little known department, is not only of value to the 
department hut to owners and manager.* generally. 
Hence the writing of books like this and others re- 
lating to railway operations. To the widely experi- 
enced and responsible officials in charge of the power 
department, what is written, descriptive and otherwise, 
of llieir branch of the service may seem superficial; 
of little or no value — primary in fact. And this is 
true so far as it personally concerns such officials. How- 
ever, technical books are not written for those already 
wise, hut for those who seek wisdom ; who wish to 
.-upfilement their limited knowledge and experience 
with that of others. 



CHAPTER I. 

3UPERV180RY METHODS OP THE MOTIVE POWEB DE- 
PARTMENT AND THEIR EXTENT AND USB- 
FUL?JBSS. 




Iq connectioD with the supervisory work of loco- 
motives, it needs no argument with practical railway 
men to prove that, in order to secure the greatest pos- 
sible economy and effectiveness of both euftines and 
machinery, they should be maintained at the maxi- 
mum efficiency. Not only is coat of repairs greatly 
increased with eyery hour of neglect, but effective ser- 
vice is correspondingly impaired. The usurious price 
that a railway company pays for shortage of equipment 
or lack of means to remove an engine from service and 
make repairs as needed, is out of all proportion to the 
saving effected in the nmnber of locomotives or the 
momentary lightening of the expense account. It is 
with locomotives and machinery as it Is with a leaky 
roof; not only is the immediate defect heightened, but 
it involves other and multiplied losses, so that the ulti- 
mate cost of repairs spreads and increases with every 
hour of neglect. "A stitch in time saves nine" is not 
a mere figure of speech but the dictate of a wise and 
thrifty housewife; and it is a maxim that applies with 
even greater force to the complex and costly machinery 
of a locomotive, the wear and tear of which is constant 
and destructive under the most favorable circum- 
stances. 

Every one immediately responsible for the use and 
care of the locomotives and machinery of a railroad 
fully appreciates this. But their wisdom and effect- 
iveness is rendered nugatory if it is not equally well 
understood — and acted upon — by their superiors who 
are immediately responsible for operations as a whole. 
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A feature of locomotive supervision that the onlooker 
does not much regard if, indeed, he thinks of it at 
all, is the practical knowledge and acumen required to 
apportion locomotives to the various parts of a- road 
with good judgment, according to the fitness of the 
machine to do the work, the urgency of the work, and 
its comparative value from the earnings point of view to 
the carrier. In the case of a widely extended railway — 
and all of our railways are widely extended — the distri- 
bution of engines to meet needed requirements when 
business is pressing, must at once tax and rack those 
in charge of motive power almost to the point of des- 
peration. For it goes without saying that no railroad 
can possibly provide itself wuth sufficient engines to do, 
with ease, the maxinmm amount of service that may 
be required for a particular day, or week, or month in 
the year. The number necessary to meet ordinary 
conditions, with a margin for emergencies, is the most 
that any company can afford. When, therefore, a 
rush occurs as it will frequently, and often imexpect- 
edly, the niceties, perplexities, and harassments of ap- 
portioning the engines judiciously to meet such emer- 
gencies, is too apparent to require comment. This 
is one feature of locomotive supervision and perhaps as 
important, if not more important, than any other single 
thing connected with the service. How to get the 
most out of the power, make it most productive of 
revenue and public utility, with the least incidental 
expense, wear and tear, and disarrangement of service, 
is the problem that ever confronts those in charge. 
For in order to utilize locomotives to the best advan- 
tage in emergencies (and at other times as well), it is 
not only necessary to know what particular engines 
are in service or available for service, but what each 
engine can do; w^hat kind of service it is best adapted 
to. For in the economy of the department, machines 
are classed all the way from the light serviceable en- 
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gines to those capable of hauling a heavy train at the 
highest rate of speed. There is as much difiference, it 
may be truly said, between locomotives as there is be^ 
tween men or women. Some will work cheerfully and 
to their fullest capacity in all kinds of weather and 
under all circumstances; while others must be coddled 
and petted and fussed over. One will be capable of 
hauling a great load at a high rate of speed; while an- 
other will haul a great load but only at the minimum 
rate. Some will be quick to move, others slow. The 
condition of the engine has also to be considered. And 
so it goes; each having peculiarities that require those 
in charge to be familiar with in order to use them to 
the best advantage. 

In practical working it has been f o\md to conserve 
both economy and effectiveness to keep expert engin- 
eers traveling on a line to scrutinize the workings of 
engines and give directions to engineers and firemen 
as circumstances require, or the improvements and 
changes in service, from time to time, suggest. Such 
supervisory work is found especially necessary and 
valuable in connection with the use of fuel. If the 
firing of an engine is carelessly or ignorantly performed, 
great waste of fuel and power occur in consequence. 
Both economy, the good of the machine and the load 
hauled, depend so much upon scientific firing that 
this feature of the service claims and receives the 
constant attention of those responsible for effective 
working of the motive power department. 

Another supervisory feature of the service is the 
critical examinations firemen must pass, both before 
entering the service and at the end of the first, sec- 
ond and third years of their work; and, indeed, after 
they have been commissioned as engineers, up to the 
time they are admitted to the passenger service. Such 
examinations were unknown in early days as were 
many other features now thought indispensable. In- 
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deed, many roads now seek to correct the deficiency 
in former practice, as regards examination of firemen, 
by requiring engineers, who did not pass such an exam- 
ination, to do so now. This on the theory that such 
examinations are not only necessary for the good of the 
company and the safety of the public, but for the 
well-being of the engineer himself. However, practi- 
cal experience counts for much (is better than perfec- 
tion in theory), and so the examinations in respect to 
old engineers are not, it may be said, as rigid as in 
the case of firemen progressing toward a higher posi- 
tion. 

Of the intrinsic value of these examinations there 
can be no question and the writer has had many com- 
mendatory letters from engineers and firemen in regard 
to the value to them of certain parts of the "Science 
of Railways'' that relate to such matters, as well as 
those of a more general nature in regard to the de- 
partment of motive power and machinery. 

It is perhaps true in regard to the supervision and 
needs of locomotives, that if all those that a railroad 
operates passed daily under the scrutiny of the oflScial 
in charge of the department, his personal supervision 
over them, his knowledge of their needs in the way of 
repairs and betterments, would perhaps suffice — ^pro- 
vided he was also able to look after the practical things 
connected therewith, such as the scrutiny of the parts 
affected, details of labor and machinery and tools. But 
this is impossible. He can only be at one place at a 
time while his engines are scattered over himdreds or 
thousands of miles of roads, some actively employed, 
others filling the round house and repair shops. Yet 
he must have definite knowledge of every locomotive, 
where it is, what service it is performing, and its con- 
dition. 

Now, how are the Superintendent of Motive Power 
and Machinery and his assistants to know about loco- 
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motives that they never get more than a glimpse of, 
and in regard to the details of which they are neces^ 
sarily ignorant. Manifestly, in order to know about 
these locomotives, their utility, usefulness, whether 
they fulfill the requirements of the service, what re- 
pairs and betterments, if any, are necessary, they must 
derive their information through returns sent them by 
subordinates and others. With these before them they 
know, with approximate accuracy, the condition of 
each particular locomotive and, suiting up the whole, 
of the locomotives in the aggregate. Such being 
the case the immense value of returns furnishing 
specific intelligence in regard to every detail becomes 
apparent at a glance. Through them, those in charge 
of the department keep in touch with what is going on, 
and are able to meet all the varied and pressing 
needs of the service from day today, and so meet 
the just expectation of the management and pub- 
lic requirements. The methods employed, indeed, 
in this respect, are not materially different from 
those fo\md necessary in all the various depart- 
ments of a railway. Thus, those in charge of traflBc, 
through the returns they receive, are kept advised of 
the progress and needs of business. The same is true 
of the department of accounts; for, from the returns 
there centered, business is classified and earnings com- 
puted, and balances ascertained. And similarly, in 
the operating department, the reports that reach the 
head, and so on down the line, are such as to enable 
the management to wisely supervise operations, safe- 
guard lives and property, and expedite business gen- 
erally. 

The returns of the locomotive department are, as 
in other departments, the eyes through which those 
in charge see what is going on. These returns are made 
by those conversant with the facts and are made to 
those whose duties require them to know the factS; or 
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such generalization of the same as the service demands. 
Operations and needs are thus focused. These 
returns portray every feature of activity and through 
them, from day to day, what is going on at far dis- 
tant points, is distinctly and quickly focused, and 
such action taken as circumstances require. These 
necessary and invaluable forms will be found else- 
where herein. They contain full explanatory 
notes in regard to their purpose and how used. 
Through them officers know the nimiber of men 
engaged in working, repairing, maintaining, clean- 
ing, and looking after the equipment; how many 
engines are available, where engines are needed, 
how many are in the hospital, when they will 
be fit for service — information so full and specific 
that it has but to be studied for the officials to mform 
themselves effectively in regard to every needed re- 
quirement. 

This is how Locomotive Supervision in its practical 
sense is utilized and applied. In this way those in 
charge of motive power watch the inspection of loco- 
motives, and their general condition and special feat- 
ures, including boilers, fire-boxes, stay-bolts, steam- 
gauges, safety valves; the location of each loco- 
motive; how each locomotive is employed; the 
condition of locomotives; those in working order; 
those needing repairs; those imdergoing repairs; 
the nature of the repairs; when the repairs 
will be completed; the distribution of locomotives; 
the particulars and cost of repairs of locomotives; 
the boilers that have been cleaned; failures in per- 
formance of work; the nature (cause) of the failure 
of locomotives; valve motion; breaking down of par- 
ticular parts of engines, such as wheels, tires, couplers, 
driving boxes, brasses, cylinder heads, eccentric fix- 
tures, rods and straps, pistons and rods, valves, rocker 
shafts, crossheads, crank pins, stay bolts and other 
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miscellaneous Cspecilied) parts of the iooomotive; the 
mileage of wheels, steel tires, etc, ; the wheels and tires 
that have been removed; the failure of guaranteed 
parts; the mileage of locomotives; train movements; 
the switching service; delays of engines; wrecks; acci- 
dents; stock killed; actual performance of locomotives; 
consumption of fuel and oil per unit of service; lubri- 
cation; the force employed on locomotives; the hours 
worked and the wages of engineers and firemen ; the 
force employed in and about shops; their wages; ma- 
terial ordered, how used and quantity on hand; to what 
accounts labor and material are charged; the tools and 
machinery at shops; the condition of stationary boilers 
and shop fixtures; result of mechanical examinations 
of firemen and others; particulars regarding the em- 
ployment of the force; its supervision; government, 
complaints, etc, 

This enumeration of supervisory work, while far from 
complete, is yet sufficient to call attention to the vast 
number of specific things, every one of which is im- 
portant, thjit require the attention of the Superintend- 
ent of Motive Power and his assistants; work all im- 
portant to the economical and effective operation of a 
property. 

Especial attention is called to the different returns 
— blanks— embodied herein. No one can be advised 
in regard to the workings of the locomotive depart- 
ment unless familiar with these interesting exhibits. 
From them he will get more than a glimpse of the 
practical details that attend the maintenance and oper- 
ation of engines. He will be able to scan the vast 
and busy field and so make long and valuable strides 
toward a personal and practical understanding of its 
multitudinous affairs. This understanding will be of 
vast interest and importance to every one connected 
with the power service; and only less so to the officers 
and ambitious employes of the operating department, 
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whose usefulness depends so greatly on the efficiency 
and co-operation of the locomotive department. Every 
branch of the service is dependent in a measure, it 
may be said, on the way locomotives are handled. 
Much can be done toward securing efficiency in this 
respect by those engaged in other branches of the ser- 
vice, through co-operation, by aiding the power de- 
partment where it needs strengthening. But to render 
such assistance the needs, embarrassments, and vast 
details of the department must be measurably imder- 
stood and appreciated. It is the purpose of this book, 
it may be said, to aid in accomplishing this. 

The extent of the motive power department and its 
many and varied perplexities have only been understood 
heretofore by those at its head. And this because of 
its obscure and unwritten features and the technical 
work of those employed. It is a busy, noisy, mys- 
terious world in fact, even to many who live within 
its fold. But here, as in other departments of rail- 
road life, general and specific knowledge of its work- 
ings will be found to add greatly to its usefulness. 
For the more people who comprehend the work gen- 
erally and in detail, the greater the number of men 
whose energy and ambition will be stimulated, and 
whose efforts, consequently, will give added force to 
the intellectual, moral and physical affairs of the de- 
partment, and, in so far as they do, make out of it all 
that human ingenuity and effort can accomplish. 



DETAILS OF THE ARRANGEMENT AND ADMINI8THAT10N 

OF THE DEPARTMENT OF MOTIVE 
POWER AND MACHINERY. 




Of the character, in general and particular, of the 
work connected with the locomotive plant and the ad- 
ministration of the department, no one who has not 
had immediate charge of its direction and responsibil- 
ities can speak advisedly, or Iiave much to say of 
practical worth to students and searchers after knowl- 
edge in this mysterious and little known field of in- 
dustry. The subject covers much ot general and par- 
ticular interest in regard to designing of engines, the 
kind of machines required; inepectio'n thereof; the ap- 
pliances of engines; location and arrangement of shops 
and tracks, and the facilities in other directions needed 
to secure the best results. The modus operandi of 
overhauling engines that require general repairs; the 
supervisory work of those in charge of the department; 
watching shop work; organizing and governing the 
force generally; discerning what is needed; eliminating 
extraneous and unnecessary things, form a part of the 
work of supervising locomotives on a road. For be it 
understood this book does not pretend in any way to 
refer to plans or work in the great locomotive manu- 
facturing institutions of the country where these 
machines arc built to sell to railway companies. It 
refers wholly to the use of locomotives. This feature 
comes within the particular interest and province of 
all railway men, but knowledge thereof is confined to 
so few, that the force as a whole may be said, practi- 
cally, to know nothing about the organization and con- 
duct of the locomotive department. Fully conscious 
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of this I have accordingly sought the advice and as- 
sistance of an expert in such matters, Mr. Robert 
Quayle, long a Superintendent of Motive Power and 
Machinery, and an authority everywhere recognized 
as pre-eminent, who for a life-time has been in charge 
of the motive power and machinery of an up-to-date 
railway. It is not too much to say that he is the peer 
of the most advanced, conscientious, honest and labor- 
ious thinkers and workers in perfecting and adminis- 
tering this great department of railway service. No 
one can have greater personal knowledge than he of 
the needs and practices and the economical and effect- 
ive government of the forces employed. I have been 
fortunate in this, as I have been throughout all my 
labors in connection with the discussion of railway 
matters, in securing the enlightened, progressive and 
conscientious co-operation of an expert in railway 
operations. 

With this brief and insufficient acknowledgment I 
will conclude the chapter with what Mir. Quayle has to 
say in regard to practical details connected with the 
location and arrangement of shops, and the daily ad- 
ministrative duties of the department of machinery 
and motive power. What he has written will be of 
interest and value to all connected with railways — no 
matter what their position or opportunities to acquire 
knowledge in this particular field may be. 

The question of taking care of the motive power and 
machinery of a railroad is a problem that requires care- 
ful study and thought to maintain it at the standard 
the service requires; to secure the highest efficiency at 
the lowest possible cost. When we consider the 
amount of money paid out annually, that the Mechan- 
ical Department is responsible for, we realize that the 
strictest business methods must be employed to pre- 
vent possible waste. For, on a road properly equipped 
with locomotives, with a sufficient number of shops and 
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round-houses to take care of the same, nearly one-third 
of the total amount of money expended annually by a 
railroad company for operating expenses, comes under 
the jurisdiction of the Superintendent of Motive Power 
and Machinery and his assistants. This money is ex- 
pended for the purchase, care and maintenance of loco- 
motives and machinery; wages of enginemen, wipers, 
machinists, helpers; fuel, oil and waste. Of these, 
wages is the largest item. Next comes fuel. There- 
fore the greatest care must be exercised to see that no 
imneceasary expense is incurred and no more help em- 
ployed than is absolutely required; and, further, to see 
that the greatest economy is practiced in the handling 
and use of fuel and other supplies. 

In connection with the repairs of locomotives, the 
question comes up as to the proper way to locate shops 
so as to get the best results; i. e., to make necessary 
repairs quickly so as to get the locomotives back into 
the service with the least possible delay, for an idle 
engine earns no money for its owner. We have to con- 
• aider whether it is better to have a large central plant, 
properly located, where all the heavy work can be done; 
or whether it is best to have a number of smaller plants 
80 located that engines in need of repairs will not have 
to be taken an unnecessary distance to the shop; for 
hauling a dead locomotive means that two or three cars 
less can be handled in a train, thus entailing a loss of 
revenue to the Company. 

In the first place, concentration of shop work means 
less cost for supervision and therefore consequent less- 
ening of expense. But for a road that extends, say, 
many miles in one direction, it certainly does not pay 
to run or haul an engine a long distance, to get it to 
the main shop. Therefore it isfound more convenient 
to locate smaller shops, generally at division points, to 
take care of all but the heaviest work. At the head- 
quarters of the road (or better still, at a centrally lo- 
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cated point) a large plant should be equipped with 
modern tools and machinery to take care of the re- 
pairs that cannot be handled advantageously by the 
smaller shops. This large plant will, of course, inci- 
dentally, receive and repair all engines working within 
an easy radius of its doors, the same as a local shop^ 
without reference to the extent of repairs to be made. 

It has occurred naturally, th%t with the enormous^ 
growth in the size of power, that the smaller shops 
have not as a rule kept apace with modern improve- 
ments in the way of tools and shop facilities; and so 
are precluded from handling repairs of the modern, 
large engines advantageously. This will of course be 
remedied in time, but meanwhile such locomotives 
must be taken to division shops, or the main central 
plant. 

The organization of the Motive Power Department 
of a road, is a matter that requires thought and care 
to bring and keep up to the high standard required, 
for a road soon obtains an inevitable notoriety if its 
service is not good ; and with competition in the busi- 
ness, other lines prosper through such neglect to pro- 
vide prompt and adequate service. 

In direct charge of the small army of men employed 
it is absolutely necessary that at the head of the Power 
Department should be a man who has had years ex- 
perience and who knows just how everything should 
be done. He must be a natural leader of men, as the 
antagonizing of employes, consisting as they do of a 
variety of trades, nationalities and dispositions, is 
fatal to success. It is remarkable the discrimination 
possessed by men, and a superior who treats every- 
body with kindness, firmness and fairness, can be as- 
sured of the good will and services of his subordinates, 
a thing essential to his success. 

The method of classifying Motive Power Depart- 
ment officials varies on different roads. In some cases 
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the Superintendent of Motive Power is equal only in 
power and authority to a master mechanic. Whereas, 
on other sysems, where the mileage is great and under 
one management, a Genera! Superintendent of Motive 
Power is usually employed, who reports direct to the 
General Manager or a Vice-President. In such cases 
the superintendents of motive power and machinery 
report to and take orders from the General Superin- 
tendent of Motive Power and Machinery. In this case 
the latter official is entirely independent of the ordi- 
nary operating officials. On other roads the Mechan- 
ical Department may be practically under the control 
of a General or Division Superintendent. 

This arrangement, however, is not practically the 
best, for the expert in such cases has often to do busi- 
ness with and take orders from men who are not fami- 
liar with mechanical matters. The most satisfactory 
. method of handling the department is shown where the 
officials generally rank according to the following order: 
General Manager, Aseintant General Mani^r. 
SuperiDteudent Motive Power and Machinery. 
ABeiatant Superintendent Motive Power and Machinery. 

1 1 1 

CbemiBtandEngineer Mechanical Engineer. Master Mechanicand 
of Tests. General Foreman of 

Main Shops. 



Link Oboani 

Superintendent Motive Power and Machinery. 

Aseietant Superintendent Motive Power and Macliinery. 

Division Master Mechanics. 

Road Foreman of Gen'l Foreman of Shops. Aeeis't Road Fore- 
Enginee. man of Enginea. 

All Shop and Round Honse Foremen. 
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The question when to shop an engine is one that 
requires a good deal of attention on the part of the 
Superintendent of Motive Power and his assistants. 
Should an engine be taken in for General Repairs, 
which may cost from $1,200.00 to $1,800.00, when, 
by making light repairs and putting it into suitable 
service, much more work can be obtained from it? 
Or the reverse? It can never be best to keep an en- 
gine in service when it is doing work in an extravagant 
manner, causing failures, and not only delaying its 
own train, but others that may be on the road. Each 
particular case has to be decided, however, according 
to circumstances, and to obtain results at the least 
possible cost and embarrassment to the service; and 
when saying this, we have to consider all departments 
concerned. An engine can be kept in service for so 
long a time that the cost per mile run will apparently 
be low, but at the same time while getting over, the 
road, it may not be hauling full tonnage, and the cost 
per ton mile will really be very high. 

As already stated, engines requiring heavy boiler 
work, or those on divisions adjacent to the main shops 
are taken care of there, but a large nimiber have to be 
given repairs at the smaller shops. 

On divisions where the water used by engines is good, 
little or no boiler work is necessary and an engine can 
be kept in service for two or three years, by doing what 
small amount of work is needed to the machinery at 
intervals. The mileage in such cases often nms up to 
150,000 or 200,000 miles; but on divisions where the 
water is strongly impregnated with scale forming mat- 
ter, the department is kept busy trying to get mileage 
enough out of engines before shopping them, to satisfy 
the Superintendent of Motive Power and Machinery. 
On such divisions as these, it is nothing unusual for a 
new engine to require flues reset after four to six 
months' service, and at the expiration of eight to ten 
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monthe (or before the engine has made 50,000 miles) 
new half side sheets are oft^n necessary. This work, 
done at a smallshop, will keep the engine out of service 
for thirty days or more; while at the main shop such 
work, which comes under the head of general repairs^ 
can be done in eighteen to twenty days by the aid of 
modern tools and machinery, thus cutting down the 
time the engine is out of service. This is a matter of 
great importance, especially at a time when business is 
heavy and engines are in demand to keep cars moving. 

The question of purifying water that is laden with 
sulphate and carbonate of lime has been given much 
attention. The old-fashioned method of trying to 
make a locomotive boiler into a "water softener" has 
given way to the more common sense method of treat- 
ing the water in suitable tanks prior to being put into 
the tender; and this with good results. In some cases, 
engines consigned to the shops, that have been using 
the untreated water, are kept in service 60 to 90 days 
longer by using treated water entirely. 

The designing of locomotives so as to get the most 
satisfactory service out of them, is a matter that re- 
quires more than ordinary care and attention. In 
accomplishing this the Mechanical Engineer submits 
his ideas on paper, after finding out what is required, 
and this is carefully examined by the Superintendent 
of Motive Power, so as to see that the weight on drivers 
is not greater than the Engineering Department will 
allow on its structures; also that the heating sxu^ace 
is properly proportioned to the size of the cylinders, 
and that the power exerted by the cylinders is suffi- 
cient to utilize all the adhesion given by the weight 
of the locomotive on the driving wheels. 

It is also a matter of great importance to utilize parts 
that are standard on a road so far as possible. The 
question of bearing surfaces must also be looked into 
carefully, as an engine that runs hot on account of ex- 
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cessive pressure per square inch on the journals, is 
obviously unsuited to the service. Again, if through 
faulty design, the engine does not make steam freely 
or cannot make time, the department is justly called 
to account. So it will be seen that each part has to 
be gone over on the drafting board, to be siu'e that it 
bears its proper relation to the other parts and to the 
whole machine. 

An important part of the Draughtsman's business is 
to so design the locomotive that the parts that need 
renewal frequently are easily accessible. Bushings for 
brake rigging, rocker boxes, tumbling shafts, cylinders 
and so on, are a step in the right direction, as they 
enable repairs to be made at small cost. By their use 
the various parts are kept standard size much cheaper 
than they otherwise could be — bushings being kept in 
stock instead of the whole part. 

Between engines of somewhat similar capacity, there 
should be as little difference as is consistent with the 
design. This means a large reduction of material in 
stock and a consequent reduction in the number of 
special tools for finishing same. Grates, small brackets^ 
brake heads, driving boxes, springs, wheel centers, 
crank pins, etc., can, with very little planning in such 
cases, be used interchangeably to good advantage. By 
living up to the dimensions as shown on the working 
drawings, a standard can be maintained which will 
enable changes to be made at small expense. While 
it is a good plan to invite suggestions from the men 
handling the engine on the road and in the round house, 
a change of design in any part should not be made 
without getting authority from the person charged 
with this duty; for if a change is a good thing at One 
place it is good at another; and the drawing should be 
revised to show the improvement so that it may be 
generally embodied in any repairs that are to be made 
to the part or parts affected. 
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The Drawing Office plays an important part in the 
railroad world, for here the locomotive is bom. The 
Mechanical Engineer is the head of this office, under 
him coming the Chief Draughtsman, and such assist- 
ants as are necessary to do the work. The duties of 
the Mechanical Engineer are varied. To-day he will 
be busy designing a locomotive — to-morrow engaged 
upon plans for new shops, and the next day figuring 
upon a proposed electrical installation. He is ex- 
pected to keep in touch with all shop improvements, 
new designs of power, etc., and be able to answer any 
and every question that may arise, from the power re- 
quired to move a turn-table to the amount needed to 
drive a shop with its various tools and machinery. The 
care of all drawings, blue prints, etc., is entrusted to 
the Chief Draughtsman, who must be methodical, fil- 
ing everything so that it can be found at a minute's 
notice. 

Tlie patterns for cast and malleable iron, brass and 
steel, are under the jurisdiction and care of the drawing 
office; and it is the duty of the Mechanical Engineer 
and his assistants to so design their work in their pat- ■ 
terns that the greatest strength necessary will be forth- 
coming without undue weight. Thus, an unfinished 
casting should only have enough stock in it to finish 
up properly with a minimum amount of machine work. 

When there are manylocomotivesadynamometercar 
will be found advantageous to determine some of the 
problems that cannot be got at any other way with any 
degree of accuracy. This car is usually fitted witJh 
properly designed and calibrated draft rigging, so that 
when connected to the rear tender draw-bar, the 3xact 
pull of the locomotive can be determined, and by a 
series of levers and pointers, this information is trans- 
ferred and drawn on a paper, which is made to travel 
at a certain speed. A clock connected up electrically, 
makes a mark on the paper every ten seconds and a 
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push button operated by an assistant is used to move 
a pen which makes a mark on the paper at each mile 
post, so that at a glance the speed can be told. Air, 
steam and other gauges are used to determine the pres- 
sure carried, and generally in connection with this ap- 
paratus an indicator is applied to the engine, by wnich 
the performance of the steam m the cylinder is plamly 
shown. 

This work is usually done imder the direction of the 
Mechanical Engineer, apprentices being used to get 
the data, and work it up to show the efficiency or in- 
efficiency of the locomotive. 

Another important branch of the Mechanical De- 
partment is taken care of by the Chemist and Engineer 
of Tests, whose duty it is to test the various metals, 
otc, and see that they come up to specifications. Steel 
for boilers is closely inspected before being accepted 
for use; steel castings are examined to see that they are 
free from flaws, checks or blow holes; lenses for signal 
famps of all kinds have to pass a rigid test; and tor- 
pedoes which are used as a danger signal are exploded 
(a few from each shipment taken hkp-hazard), as a 
check on the manufacturer. Rubber goods and the 
other appliances in use on a railroad are also sub- 
jected to minute inspection before the En^eer of 
Tests will accept them. By this means poor material 
that might get into the locomotives and cars and cause 
trouble, is discovered and rejected to the great good 
of the service. 

The visiting of shops along the line is something 
that the Superintendent of Motive Power and his As- 
sistants must do to keep in touch with what is going on. 
On a large road, this will be a matter of considerable 
difficulty within reasonable time on ordinary train se*^ 
vice. This difficulty is overcome through the business 
(^curtesy of the Operating officials who have to make 
trips that extend to all parts of the system, inviting 
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the official in charge of motive power to accompany ' 
them. They thus have opportunity of meeting the | 
Master Meelianics, Foremen and Division Superintend- 
ents, and of observing tlie service and hearing any 
complaints about the motive power, or suggestions for ' 
improving it. The Road Foremen and their Assist- 
ants also come in for a share of attention, while in- 
specting the road, and thus many things come up ' 
which benefit all concerned. 

When matters of general importance have to be J 
transacted, a meeting of the Master Mechanics is called, 
who journey to headquarters, and there talk over the 
matters under consideration, and thus an understanding 
is obtained. Afterwards the Master Mechanic on 
iiis return home, will get his foremen together and give 
i\hem instructions as may be necessary. i 

It is the general rule on roads to promote Firemen ' 
when competent, to the position of Engineer, and all 
laew firemen when hired, are required to pass a physical 
i,!xamination, so that defective eyesight, color blindness 
i»r other defects may be detected. After satisfactorily 
passing the examination, the fireman is put to work 
and provided with a book containing information per- 
taining to his duties in the economical operation of an 
enpne, which interrogatories he is required to answer 
after being in service twelve months. At the expira- 
tion of that time, he is given the second year's book 
which contains information of a more advanced form, 
and an examination is given him at the end of the second 
year. He then gets the third year's book, which covers 
more fully the points that he should understand. 

Before becoming an engineer, at the end of the three 
years, he must pass a time card examination before 
the Division Superintendent and a medical examina- 
tion before the Company's Surgeon. If he passes these 
successfully, he is sent to headquarters before an 
Examining Board, consisting of Road Foremen of 
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Engines, and the Air Brake Instructor, who put him 
through a written and oral examination. If he an- 
swers correctly eighty per cent of the questions (air 
brake and mechanical), he is reported to the Master 
Mechanic as a full-fledged Engineer. He is then used 
on Switch engines and unimportant freight trains for 
the first year, after which he is entitled to full pay; 
but even then is not allowed to handle a Passenger 
train. Three years' service as an engineer is required 
before this, the goal of all young engineers, is reached. 
Thus every safeguard is thrown around the service 
and the public, before the embryo engineer is allowed 
to handle an engine. 

Let us now look at the main shops and the arrangement 
of them and the tools and machinery they require. 
From six to ten per cent, of the engines in use on a 
road will generally be imdergoing repairs, so that with 
the help of the local shops, the principal plant should 
be able to handle from 35 to 45 engines per month, 
depending of course on the number of locomotives, the 
condition of the power, and whether the demand for 
it is great or not.* 

In deciding upon a location, the endeavor should be 
to pick one having clean and reputable surroundings, 
a level, high piece of ground where good drainage can be 
obtained, with perfect accessibility from all sides so as 
to be able to handle things more economically and 
quickly than otherwise would be the case. 

In choosing land there should be taken into consider- 
ation the possibility of growth, which on many railways 
is very rapid, so that many Superintendents of Motive 
Power and Machinery have been cramped for lack of 
room, which could at first have been obtained cheaply. 
Having decided upon a location, the best layout of 



*This estimate is based on an equipment of 1,200 locomotives. 
It should, therefore, be lessened or enlarged according to the cir- 
cumstances of the case. 
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shops must, be secured so as to get an engine through i 
them with as little delay as possible. Plenty of room i 
inside and out, costs money in the first place, but pays 
on account of the increased facilities for gettiog about ' 
and not. having one thing buried and perhaps lost by | 
other tilings being put on top of it. The larger the 
shops the greater the possibiUty for good arrangement; 
and the better the arrangement the better will be the 
method of getting out the work, with a consequent re- 
duction in cost. J 

Outside the shops should be a series of tracks con- 1 
nected with a transfer table, for the storing of engines { 
that have been brought in for repairs. One track j 
should be used for getting engines out of shop, putting ! 
the tenders behind ; and another be available for push- j 
ing engines in, so that the two operations can be going "l 
on at the same time. Much controversy has taken 1 
place as to the best kind of erecting shop, and 
there are advocates of the two kinds generally used. 
The one with a large number of stalls at right angles 
to the main building, fed by a tran.sfer table with an 
overhead crane for wheeling and unwheeling, having 
as many advocates as the one where from four to six 
engines stand on a single track, the tracks paralleling 
one another, each containing as many engines, travel- 
ing cranes of suitable capacity being used to get them 
from the in-going track to a vacant place, and afterre- 
pairs have been made, lifting them onto the out-going 
track. We will use the former plan in the proposed 
shops, as it is the one most generally adopted in 
America. 

With an output of thirty-five engines per month, 
there should be thirty stalls available, as it would be 
possible, providing the machines were capable of doing 
it, to increase the nimiber of engines turned out to 
fifty per month, if occasion required it. 
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Plenty of room should be allowed on each side and 
in front and back of the largest locomotive so that 
men can do their work without interfering with each 
other, and the flues taken out and put in, without the 
necessity of having doors opened, as is sometimes neces- 
sary. The storage of parts taken from locomotives in 
shops, that do not need repairs, is a matter that should 
be given consideration. In some shops these parts are 
stored in pits each side of the engines, having heavy 
covers over them. Another plan is to have a lean-to 
(addition) outside of the shop where racks are pro- 
vided between tracks. This latter method is probably 
the l^etter one as the parts are always in view of the 
foreman and men, and are not so likely to accumulate 
as in a pit. A double track, electrically driven, high 
speed transfer table, of sufficient length to take an en- 
gine and tender on it, will provide ready means of 
quickly handling engines and supplies in and out of 
shops. 

The erecting and machine shop should be combined 
and provided with a good system of electric cranes to 
move the parts taken from the engines, after having 
been boiled in a lye vat conveniently located, to the 
machine that is to do the work on it. The ideal wav 
is to place all the tools so that an extra handling, oi 
a ]:)ackward movement, will not be necessary. The 
various parts when handled by more than one machine, 
should go in at one end rough, and come out at the 
the other end, finished. 

The machine side should have a gallery in which all 
of the light work, such as air brake material, brass 
work, bolt making, etc.. is done. The machine shop, 
proper, should be divided up, and in one half the 
heavy tools located, and direct motor driven, with fcigh 
speed single track ten ton cranes over them to facili- 
tate the handling of material. The blacksmith and 
forge shops should go together, and be so located that 
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tieavy frames and forgings can be conveniently bandied 
to and from the erecting shop and to the machines. 

The complement of the blacksmith sliop should con- 
sist among other things of a 1,500 pound steam hammer 
for general work, and a 3,500 pound hammer for frame 
work; while for axles and heavy forgings, one not less 
than 6,000 pounds should be provided. Forging ma- 
chines for turning out standard work f'iiould be used 
whenever possible and grouped together. A blast fan in 
duplicate and direct driven either by motor or engine, 
and not connected with any other machine, should 
furnish a pressure of eight ounces for the fires. 

The boiler shop should be combined with the tank 
shop, and suitable cranes for quickly moving boilers 
and tanks, will help to increase the output. The tin 
shop and pipe shop should also be together imder one 
foreman, and should be a very large roomy shop on 
account of the material and work done in this build- 
ing being bulky. 

The gray iron and brass foimdry shoufd also be to-- 
gether. TTie paint shop should stand by itself as it is 
generally used foi painting tenders only. The paint- 
ing on the locomotive should be done in the shops while 
repairs are being made, to economize time. 

The storehouse is one of the most important factors 
in getting power into service promptly. By locating 
it centrally, it can be readily reached from each of the 
shops, and thus a large amount of valuable time saved. 
A telpher system can be employed for handling 
medium heavy material with very good results. 

As all of the shops and buildings mentioned use 
power, light and heat, it is very essential that an econ- 
omical plant be installed to furnish these. With elec- 
trical power-transmission, cranes, etc., and a suitable 
lighting system such as would be necessary for a plant 
of this size, a large amount of current has to be fur- 
nished, and two generator units, each able separately 
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to run the plant should be provided so as to take care 
of repairs, emergencies, etc.; while for night loads, a 
smaller capacity unit could be used to good advantage. 
As a large number of pneumatic tools are used inmost 
up-to-date shops, it is very necessary to have air com- 
pressors with a capacity amply large for every emer- 
gency. Probably the best results can be obtained by 
having two air compressors, each with a capacity of 
1200 cubic feet of free air per minute. In case of a 
break down there would be something to fall back on, 
and still leave room for growth. 

A high pressure water system for fire protection 
should be installed in the power plant, and pumps for 
taking care of accumulator in boiler shop, etc. The 
exhaust steam from engines, pumps and air compres- 
sors, should be used for heating the numerous build- 
ings; which can thus be done economically. 

To furnish steam, a battery of boilers, fitted with 
automatic stokers and chain grates, and coal and cinder 
handling machinery, will enable the plant to be run at 
a minimum cost for labor and fuel used, that could 
not be successfully done in a hand fired furnace^* 

We will now watch an engine in its progress through 
the shops. It has arrived on the '* Hospital Track'' 
and the Master Mechanic from whose division it came, 
has sent forward a report of work necessary to be done. 
This report is turned over to the General Foreman, 
who in turn gives it to each of the foremen so they 
may note the work they are called on to do, and so 

*What is said here doriv(^s added interest and importance from 
what is said in other parts of the "Science of Railways" in regard 
to matters relating to locomotives and the machinery and shops 
incident thereto. This brief treatise or resume, however, is of im- 
mediate interest, affording further insight into what is occurring 
in tliis great field of industry. It also affords an interesting exposi- 
tion of results as to the growth and perfection of the appliances 
devi.^(»d by those connected with the department of Motive Power, 
who luivc studied it to tlie great benefit of railways and to the great 
profit of those who own these properties. 
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get ready. We will suppose that the engine needs a 
new firebox and what is known as general repairs. The 
first move is to take the tank from engine and put it in 
the tank shop for repairs, the engine meanwhile being 
placed in stripping shed where all of the rods, links, 
eccentrics, air pump, driving brake, material, etc., are 
removed and placed in a lye vat to have the grease 
boiled off from them. The next move is to the trans- 
fer table, from which it is hauled by a windlass or 
drum with cable into a vacant stall, and immediately 
the overhead crane with double crab, lifts it bodily, so 
that the wheels may be rolled from under; after which 
it is lowered upon specially designed trucks, so that if 
necessary it can be moved along the track. 

The boiler is lifted out and sent to the boiler shop, 
and the frames with cylinders left, for the mechanics 
to work on them; the parts from the locomotive are 
distributed to the various men or machines which work 
on them ; the wheels are sent to the lathes for tires and 
journals to be turned up; the driving boxes to be fitted 
with new brasses, shoes and wedges, after being " laid 
off" are given to the planer hand; the eccentric straps 
and liners are turned up and closed; rocker boxes, 
valves, links, pistons, etc., etc., are taken to their re- 
spective place for repairs, the side and main rods being 
at the same time taken care of, and the brake rigging 
overhauled. As far as possible, all of this work is 
specialized, among men who have become experts in 
such matters. 

On going to the boiler shop to look for the boiler of 
the engine, we will find that rivets have already been 
cut off back head, in readiness for the new firebox that 
has probably been made before the engine arrived in 
the shop. Flues are being taken out and all is hustle 
and noise, the pneumatic hammers making talk diffi- 
cult and hearing impossible for an outsider. When 
the flues are removed, they are taken to a rattier. 
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which in causing them to revolve and drop against each 
other quickly breaks off the scale. From here they are 
taken to a machine which cuts ofiF each end and then 
a piece is fitted in and welded up to the flue so as to 
make it the same length that it was before. After 
testing, they are ready to go back to the boiler, where 
the back boiler head has been removed, the stay bolts 
broken off and mud ring removed. After this is done 
the old firebox can come out and the new one take its 
place. When properly located, the holes to receive 
the stay bolts are tapped out, stay bolts run in, and 
mud ring and staybolts riveted up. 

By this time the flues are going into the boiler, and 
after being fastened in flue sheet by expanding and 
beading, the boiler is ready to be tested, and if any 
defects exist they are remedied before it leaves the 
shop. 

Let us now go back and see what is being done on 
the other part of the engine that was left in the erect- 
ing shop. We will find men facing up driving box 
jaws, prior to shoes and wedges being fitted, and other 
men will be boring out cylinders, and fitting up eccen- 
trics and straps and driving boxes on the wheels tha^ 
belong to the engine. 

The spring rigging will be put in shape and every- 
thing moving, so as to be ready when its turn comes 
to be assembled. A glance into the tank shop will 
show that the tank is about ready to come out and 
go to the paint shop. We will find that the tender 
boxes and wheels have been put in good condition, 
and that the tank proper has been tested for leaks and 
the frame overhauled. 

Meanwhile, the tender has been hauled on to the 
transfer table, and from there goes to the paint shop 
where it is cleaned, rubbed down and painted in readi- 
ness for the arrival of the engine from the shop. We 
will take another look into the erecting shop and will 
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End that theboilerhas arrived from the boiler shop and 
the crane has picked it up and set it down upon the 
frames. Worknowgoes alongvery rapidly. The engine 
is raised and wheels run under it, after which the shoes 
and wedges are put in, binders applied, links and eccen- ■ 
trie blades put up, guides hung, main rods applied 
and valves set. To do this rollers are placed under 
main driving wheels, or wheels having eccentrics on 
them and revolved, and with proper knowledge and 
the necessary tools, the valves are set so as to give the ■ 
best results in the service. 

The boiler is now filled with steam from the power 
plant, and again tested, after which the throttle valve 
is opened and as the front cylinder heads and pistons 
have not yet been put in place, the steam rushes from 
the boiler, through the dry and steam pipes and passages, 
out of the cylinders, carrying with it any foreign msf ' 
terial that may have accidentally been dropped by 
the men while doing their work. During the time this 
work has been going on, painters have been busy and 
the engine begins to have a finished appearance. The 
side rods are put on, pistons and cylinder heads ap- 
plied, pilot fastened in its proper place and the rest of 
the painting done. The engine is then taken out and 
tender put behind it. After getting coal and water 
we are now ready to break it in, i. e., run it under 
steam to see that the various parts run smoothly and 
cool; after which it is ready for the particular service 
it has been assigned to. 

Such briefly are the methods adopted with the en- 
gines that pass through the shop. Some, of course, will 
not require such extensive repairs as those mentioned, 
while others will require more. But whatever may be 
necessary, system and orderliness, it is apparent, will 
accomplish more satisfactory and economical results 
than can otherwise be attained. 



CHAPTER III. 

AIDS USED IN SUPERVISING THE OPERATION AND MAIN- 
TENANCE OF LOCOMOTIVES. 

The Supervision of locomotives by the Mechanical 
Department, and especially keeping the Master Me- 
chanic and Superintendent of Motive Power advised, 
is rendered practicable and effectiv ■ by the use of 
returns covering all the various phases connected with 
the operation and maintenance of locomotives. Let 
us consider these in connection with the purposes 
they serve. Each will be found to be of importance 
and necessary to a correct understanding in regard 
to locomotives particularly and as a whole, and there- 
fore, of interest to all who have anything to do with 
locomotives.* 

WASHING OUT LOCOMOTIVE BOILERS. 

Note. — The form used in reporting locomotive boilers washed 
out is shown in detail, M. P. Form 1, Appendix. 

To the Motive Power Department there is nothing 
which gives such large returns as the successful car- 
rying out of the instructions issued relating to the 
proper cleaning of boilers. 

The report thereof is intended to call the Master 
Mechanic's attention to the fact that certain boilers 

*In the preparation of what follows I am indebted for the ad- 
vice and assistance of Mr. Robert Quayle and other experts in 
matters relating to the Supervision of Locomotives. 

34 
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have been washed out, as per instructions, on a given 
date. He knows how often these boilers ought to be 
thoroughly washed out in the district through which 
they run, and he can glance down the columns each 
week and find out how many times each engine has been 
washed out. This, of course, will call to his mind the \ 
instructions issuetl, namely: that they use a given 
sized pump that will give them a certain pressure, say 
not less than 100 pounds per square inch. It will also 
call to mind the fact that they should use the facilities 
placed in their hands for this work; namely, the long 1 
and the short and the crooked nozzles. The Master 
Mechanic knows that if the plugs that are put into the I 
boiler are periodically removed and first the short 'i 
dozzle is put in from the front end of the boiler into the 
flue sheet; and then a longer one; until the longest one 
is put in; and they have in this manner carried all the 
scale that has been washed off the flues and crown 
sheet back to the leg of the boiler; and then, by the 
rods that are used through the hand-hole plates 
around the leg of the boiler, they work all the scale 
formation down to the mud ring, and wash it out with 
high pressure (anywhere from 100 to 150 pounds per 
square inch) — the Master Mechanic knows that the 
boiler, by these methods, ought to be and is clean. 
In addition to this, however, the Master Mechanic 
should have his subordinate officers so instructed that 
they will not only have the men who are doing this 
work well informed as to the methods of doing it, but 
he should see to it that they carry out the instructions 
(o the most minute detail, as it is essential that the 
instructions are so carried out. 

The proper washing of boilers removes the scale in 
the boilers, and thereby gives the flues the largest pos- 
sible chance of conducting heat to the water, and this, 
in turn, enables the water to absorb the largest number 
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of heat units possible under the existing conditioDS, 
per pound of coal. 

LOCATION OF LOCOMOTIVES. 

Note. — See M. P. Form 2, Appendix, beingthe Master Mechanics 
weekly report to Superintendent of Motive ±*ower and Machinery 
of the the location of locomotives. 

One of the requirements of the Master Mechanic is to 
have on his desk, (or better still, in his pocket) a report 
that gives him the location, kind of employment, and 
condition of every engine on his division. 

He should have these engines classified and know 
how many he has of each class, where these engines are 
employed, and the kind of service they are engaged in; 
and he should also include in this report the number 
of engines in the shop, when they went into the shop 
and when he expects them out, and the class of work 
being done on these engines while in the shop. 

By referring to this report and also to his report on 
condition of power (form 5), he is enabled to determine 
what power he can spare if called upon by the Super- 
intendent of Motive Power for other engines, and to 
know what engines he has coming out of the shops. 

When desiring to know what kind of an engine he 
has running on a certain train between certain points, 
he can tell at once from this report without any further 
investigation. Every Master Mechanic will find this 
a very useful report to have with him constantly 



KEEPING TRACK OF THE LOCOMOTIVES OF EACH CLASS 
IN SERVICE ON THE DIFFERENT DIVISIONS. 

In order to facilitate the most economical and effect- 
ive distribution of the power possible \mder the chang- 
ing conditions of traffic, the Superintendent of Motive 
Power and Machinery should each week send to the 
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general officers in charge of the Operating Department 
a report showing the number of locomotives of the 
various classes in the different iiinds of service on 
each division of the road.* Thus they will have be- 
fore them the total mmiber of engines in passenger, 
freight, construction and switching service, as well as 
those that are not in service; also the reasons why the 
latter are tied up — some in the shop, some waiting to 
go into the shop, others that have come out of the shop 
and are waiting for service, a.nd, further, those being 
limbered up for service. If engines are leased or there 
are vacant numbers (for engines that have been cut 
up,) these are facts are also shown, so that the general 
officers can, by a glance at this report, see just what 
the conditions are. It gives to the Superintendent of 
Motive Power, as well as to the operating officials, an { 
idea of the available power and calls the attention of 
the general officers, in busy times, very strongly to the 
fact that they either have enough power, or that they 
ought to have more power to do the business. This 
report, taken in connection with the weekly report of 
mileage in each kind of service on each division, gives 
to the Superintendent of Motive Power, as well as the 
other general officers, information that will enable 
them to transfer power from a division where business 
is not so heavy and place it on other divisions where it 
is needed more. 



In order to see that no locomotives are omitted 
from the Master Mechanics' reports showing the loca- 
tion of locomotives, a special blank is used by the Su- 
perintendent of Motive Power and Machinery ia 

•See M. P. Form 3, Appends. 
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checking up the numbers of the engines reported.* 
The importance of this blank, at first glance, may not 
be thorougly understood, but with the following ex- 
planation it will be seen that in the office of the Super- 
intendent of Motive Power and Machinery it is a very 
interesting and useful record. On this form a separate 
space is provided for each locomotive, and after enter- 
ing in the proper spaces the notations as to the location 
of the various engines included in the different reports, 
the vacant spaces in the form will represent the num- 
bers of the locomotives for which no reports have been 
received, and the matter can then be taken up with 
the person who, according to the last report, should 
have included such engine in his report. 

Division Master Mechanics, when they make their 
weekly reports, may forget that one or two engines 
have been cut up on their division; they are likely to 
forget, also, that they have one or two engines tied up 
at some remote point on their division, waitmg for re- 
pairs in some out-of-the-way round-house. They may 
not remember that three or four of their engines were 
sent to some neighboring division shop for repairs, and 
therefore do not report them, and the Master Mechanic 
in whose shop the engines are does not report them 
because they are not his engines. Hence the necessity 
of having an audit system in the office of the Super- 
intendent of Motive Power that will check up every 
locomotive on each division by its individual number 
each week. 

The blank can be used for any number of divisions, 
and can be made for any number of locomotives by 
enlarging the form. As illustrated in this volume, 
however, it can be used for fourteen hundred locomo- 
tives, and a simple glance at this report will show the 
location of any engine on the system. 

*See M. P. Form 4, Appendix. 
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This same fonn may also be used for the purpose of 
checking up other locomotive reports received from 
Master Mechanics, such as the monthly report of in- 
spection of fire boxes, stay bolts, and so on. 



CONDITION OF LOCOMOTIVES, 

In order that a railway m&y be successfully operated, 
the first requisite is motive power in good condition. 
Each Master Mechanic should know the condition of 
every engine in each kind of service on his division, 
and the Superintendent of Motive Power should have 
a report from every Master Mechanic each month, 
showing this information for each division. 

Unless the Master Mechanics and the Superintend- 
ent of Motive Power are in possession of the actual 
facts as to the condition of the power, they are not in 
position to maintain the required standard of efficiency. 
They must know what is necessary to be done before 
they can do it. 

The report as shown in the appendix (M. P. Form 5) 
has this object in view. It gives the number of each 
engine, the size of the cylinders, and two. of the most 
important items in connection with the requirements 
of the engine, namely: the date when the engine had 
last general repairs and the mileage made since that 
time. When the officers of the Motive Power Depart- 
ment have this before them, they can determine 
quickly and accurately when the engine will need to go 
in the shops. When they know the work performed 
by an engine on the division over which it runs, and 
the mileage it has made, they can readily determine 
whether the engine will have to go in the shop in 
thirty, sixty, ninety or more days. 

This report also shows the condition of the engine's 
machinery, flues, fire-box, boiler and tires. On some 
divisions where the water is bad, the flues may have to 
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be renewed, or, at least, a portion of them; and the 
report would then show machinery good, flues poor, 
and would also show the condition of the fire-box, 
boiler and tires. If the fire-box, boiler and tires were 
good, they would know at once that the engine simply 
needed to have flue work done, which would take only 
a short time. 

The Superintendent of Motive Power, by this report, 
is constantly kept advised of the real condition of the 
power, and from it he determines whether he ought to 
increase or decrease his force in the shops, or whether 
he ought to work longer or shorter hours. 



To aid the Superintendent of Motive Power and 
Machinery in determining the proportion of the total 
number of locomotives on each division in good, fair, 
and poor condition, or undergoing repairs in shops, a 
form is provided for his use in summarizing the Master 
Mechanics' monthly reports showing the condition of 
every engine on each division.* 

In compiling this report the passenger engines are 
first entered in numerical order, according to condition, 
and then the percentages of such engines in good, fair, 
and poor condition, as well as those in the shop, are 
determined. Similarly the relative condition of loco- 
motives in freight and switching service is ascertained 
and finally the percentages of all the locomotives (pas- 
senger, freight and switching) in good, fair and poor 
condition, and in shops. 

The Superintendent of Motive Power knows how 
far he can let the percentage run down the scale before 
he has to begin to get the power in better condition, 
and he furthermore knows how far he will be able to 
let the percentage of power go up the scale before he 
will find it desirable to cut down expenditures on such 
work. 



*See M. P. Form 6, Appendix. 
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For the information of the General Manager and 
others concerned, a digest of the foregoing reports (5 
and 6) is prepared each month by the Superintendent 
of Motive Power and Machinery.* They are thus kept 
advised as to the kind of power, as well as the number 
of engines in each class, assigned to each division of 
the railway, and it puts before them such facts as they 
need. It is their business to know whether the power 
is being properly utiUzed ; whether there are a num- 
ber of small engines on a large division where larger 
engines should be employed, and so on. It gives them 
an opportunity to check up the Motive Power De- 
partment and the division officials, to see that the 
power is everywhere being used to the best possible 
advantage. It furthermore places them in touch with 
the condition of the power, and they can determine 
whether the Motive Power Department is doing its 
duty in keeping up the power in each kind of service. 
It also gives the information that is necessary in order 
to see that the freight power is not being maintained 
at the expense of the passenger power or vice-versa. 

This report also gives a very comprehensive idea of 
the work done by the shops during the past month, by 
showing the number of engines in each kind of service 
that have received general and heavy repairs; in short, 
it is a summary of the work performed by the shops 
during the previous month, as well as a summary of 
the location and condition of the power. All in all it 
is a very valuable report for officials to have before 
them, whether they are in the operating or mechanical 
department. 

REPAIRING LOCOMOTIVES. 

Whenever an engine is sent to the shops for re- 
pairs, a statement of the work necessary to be done 
should be made for the information of those having 

•M. P. Form 7, Appendix. 
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such work in charge. To reduce to the minhnum 
the clerical work necessary in indicating the needed 
repairs a blank has been provided on which all the 
various parts of the locomotive are listed in order, 
and numbered.* Then whenever a new part is to be 
subtsituted for the old, the letter "X'' is entered 
opposite the number representing that part; or if 
the old part is to be repaired, instead of being re- 
newed, the letter "C is used. For example, No. 1 
represents the boiler; if a new boiler is required, the 
letter ^'X^' should be placed immediately before the 
word '^Boiler.'' If the boiler is to be repaired, the 
letter ''C should be placed before it, and then the 
kind of repairs noted opposite each term; thus, if the 
boiler braces are to be repaired, the letter "O" 
would be placed before that part; if the left side sheets 
are to be repaired, the letter "0" would be placed 
there; if renewed, the letter "X'' would be used, and 
so on. 

When the Master Mechanic receives this report, he 
ought to check it over carefully. He should have it 
compared with reports of recent work done on the 
engine, and if, for example, he finds the injectors were 
repaired within a week, he should ascertain why they 
should be repaired again when the engine goes into 
the shops. If the letter '^C is entered opposite "air- 
pump," and he finds that the air-pump was put on 
during the last week, he should make inquiry at once 
to know why the fact that the air-pump had been re- 
paired was overlooked, or if the repairs are necessary, 
why they are needed so soon. 

In connection with this, the Master Mechanic should 
also see how much mileage this engine has made since 
its last general repairs, and determine whether, in his 
judgment, the work performed by this engine is such 

*M. P. Form 8, Appendix. 
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as to warrant its going into the ehops at such a time; 
he also detennines whether this engine ought to have 
heavy, light or general repairs. 

The principal object of this report is, first, to see that 
all the work that is necessary will be done while the 
engine is in the shop; and, second, that no work will 
be clone on the engine that is not necessary. When 
the engine goes into the shop for general repairs, the 
ehopraen may not know what work was done on the 
engine during -the last thirty days, and much of the 
work might be done over again if their attention was 
not called to it by a report of this character. 

Also, an outline of the work contemplated on each 
engine will enable the various shop foremen to plan 
their work and provide for the materials which will be 
needed, so that there will be no unnecessary delay in 
the course of the engine through the shops. 

The Superintendent of Motive Power should have 
these reports carefully examined and if there are any 
irregularities in them, they should be sent back for 
correction at once; this will have a tendency to make 
every division official see to it that work is not re- 
quested to be done unless it is, in his judgment, abso- 
lutely necessary in order to put the engine in proper 
condition. 

In addition to being used to indicate in advance the 
repairs thought necessary in each particular case, this 
form is also used after the completion of the work as a 
record of the repairs actually made. 



In connection with the foregoing blank (8), there are 
several others which are used by the foremen in charge 
of the different repair shops, viz.: forms 9, 10 and 11, 
as See appendix. Form 8 embraces all the parts of 
the locomotive, and is a summary of the work done 
in ail of the shops: the three other forms each cover the 
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repairs made in a particular department or shop, the 
parts of the locomotive, as listed on each blank, being 
such as will be repaired or renewed in the shop for 
which the form is designed. 

Yov example, on form 9, it will be noted that the 
numbers from 1 to 33, inclusive, with one exception, 
represent boiler-shop work, and the exception is No. 
18 (the testing of the boiler), which is looked after in 
the machine shop. It will also be noted that the nimi- 
bers 34, 35, 36, 37 and 38 (representing the ash-pan 
and damper work), are omitted from this form, be- 
cause this work is done in the sheet iron shop, and 
the grates are placed in the fire-box in the machine 
shop. Thus it will be seen that the parts listed on 
each of these reports are those corresponding with the 
work done in each shop. 

The object of these reports is to save clerical work 
on the part of the foremen, as all they have to do is to 
place the letter ''X'' or ^'0'' after the nimiber which 
corresponds with the item of repairs as shown on form 
8; for example, take the last number, 137, on form 9; if 
they put the letter "0" after that, it would mean that 
the quadrant was repaired. If they placed the letter 
'^X^^ after number 137, it would mean that the quad- 
rant was renewed 

These forms, however, may be changed to suit the 
plan of doing work in other shops, and when those using 
the reports become accustomed to the numbers, it is 
a very easy and simple way to keep a record of the work 
performed. 



THE COST OF LOCOMOTIVE REPAIRS. 

In order to ascertain the cost of material and labor 
expended for repairs on a particular engine at a certain 
shop, the Master Mechanic should promptly notify the 
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storekeeper or other peraon in charge of the accounts 
at what point the repairs will be made and the date 
the engine entered the shop, so that the storekeeper 
can keep the expenditures thereafter on account of that 
engine separate from the ordinary repairs the engine 
received while in service. 

When the shop work is completed on this engine 
and it is ready for road service again, the Master 
Mechanic should send another notice to the store- 
keeper, advising him that the work on the engine 
in the shop has been completed, and that from 
that date the cost of material and labor expended 
on account of said locomotive is not chargeable 
to the shop repairs. The storekeeper should then 
compute the cost of the repairs, including labor and 
material, and enter the amounts in the spaces pro- 
vided in the form, sending one copy to the Master 
Mechanic for his information, and retaining one for 
a record in his own office. The same form of report 
may be used by tiie Master Mechanic in advising the 
storekeeper regarding the locomotive, and also by the 
storekeeper in reporting to the Master Mechanic the 
cost of the repairs during the period designated.* This 
report need only be required when the amount ex- 
pended for repairs exceeds a certain amount — say 
$25.00. 

SUMMARY OF LOCOMOTIVB REPAIRS, 

In order that the Master Mechanics and the Superin- 
tendent of Motive Power may keep advised of the work 
being done at the different shops, a summary should be 
made of the detailed reports of locomotive repairs, so 
as to show briefly and in convenient form the general 
nature of all heavy repairs and the length of time each 
locomotive is in the shop.f 
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The Superintendent of Motive Power should see that 
such a report is received from every Master Mechanic. 
These reports place before him at once every engine on 
the system that is undergoing or requires heavy re- 
pairs, and by ascertaining from the previous month^s 
reports the number of engines he was able to turn out 
of the shops, it enables him to see whether or not he 
will be able to keep up with the demands upon his 
shops. 

This summary should also show the locomotives on 
the division which were out of service on the last day of 
the month, together with the reasons therefor; the 
number of engines undergoing repairs; those that are 
waiting for repairs — on side-tracks or in round-houses 
— and the engines in each shop. 

If the Master Mechanic is not able to keep up the 
condition of the power on his own division, this report 
will point out to him the necessity of asking the Super- 
intendent of Motive Power to have some of his engines 
put through other shops on the system. 

LOCOMOTIVE REPAIRS AT GENERAL SHOPS. 

On account of the volume of work done at the gen- 
eral sho])s, it is important that the foregoing reports 
should bo supplemented frequently by further reports 
showing from time to time what locomotives are under- 
going repairs in the general shops and noting the pro- 
gress which is being made on same. The form of report 
illustrated in this volume (M. P. Form 14, Appendix) 
is a most excellent report for every man in the Motive 
Power Department to have, as it shows each week the 
total output of the shops, the number of engines in the 
shop, classification of each engine, the division from 
whence it came, the date it was received at the shop, 
and when it will be out. 

If engines of a certain class are needed on a particu- 
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lar division, by eonBulting this report it may readily be 
seen whether or not one of this class of engines is in the 
shop, and when it will be out. 

It will be noticed that on this report the boiler shop' 
work is classified, the kind of repairs being designated 
by a letter, so that, for example, if engine 100 needs a 
new fire-box, it will show "100 A;" if, in addition to 
that, it requires a new wagon top, it will show " 100 
A H," etc. 

This report indicates to the Superintendent of Motite 
Power the ability of the boiler shop to keep up with the 
other shops. For example, if the boiler shop has been 
getting out, during the last month or two, nine or ten 
engines with new fire-boxes, and there are twenty wait- 
ing for such work, it is very evident that the force or 
facilities in the boiler shop should be increased to meet 
the requirements. 

This report also gives the number of engines that are 
to be limbered up during the next week, and a glance 
at this gives the Superintendent of Motive Power an 
idea at once of what will be available in a few days. It 
also calls attention to the engines that are on the 
hospital track waiting to get into the shops. 

Altogether this is a very valuable report for the 
officials of the Operating Department as well as those 
in the Motive Power Department, 



ENGINE FAILURES. 

All contentions between the various departments of 
a railway must be avoided in order to accomplish the 
best results; provide the most efficient service. Fre- 
quently there may be occasions for disagreement be- 
tween the Operating and Mechanical Departments 
unless there is a clear understanding as to the respon- 
sibilities of each. 
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Thus, in case of delays to trains, as to what con- 
stitutes ''engine failures." These should be clearly 
understood by all concerned. For this purpose the 
definitions given in this volume (M. P. Form 16, Ap- 
pendix) were prepared. When points of difference 
between these two departments are settled in this or 
some similar manner, neither the Master Mechanic nor 
the Division Superintendent can quibble over the 
responsibility for particular delays. 



In order that the Operating and Mechanical officials 
may be fully informed as to engine failures that occur 
on the different divisions, it is necessary that a daily 
report of such failures be made by the Train Dis- 
patcher (Form M. P. 16.). Copies thereof should be 
sent to the Division Superintendent, the Master 
Mechanic, Superintendent of Motive Power, and other 
officials interested. 

It will be noted by referring to this report that the 
length of time the train is delayed, cause, of delay, and 
the engine and train numbers are given, all of which are 
essential. 

Unless the Master Mechanic has placed before him 
every day a statement of the engine failures that oc- 
curred on his division during the preceding twenty-four 
hours, and the cause of same, he has not at hand the 
information necessary to prevent similar delays in the 
future, as it is only by possession of full and complete 
information in each case that the Mechanical Depart- 
ment can avoid the conditions that cause delays. It 
is therefore the duty of the Master Mechanic every day 
to study this report, and carefully investigate each 
oase. If, after he has made proper investigation, he 
tliiiiks there is an inherent weakness in the engine that 
Ciiused the failure, he should make such recommenda- 
tions to the Superintendent of Motive Power as the 
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circuniBtaiices demand, not only in regard to that par- 
ticular locomotive, but all engines of the same claaa, 
80 as to prevent future failures of like character. 




The preceding account of engine failures presents 
the case from the standpoint of the Operating Depart- 
ment. In order to know the technical causes of delays, 
it is obviously necessary that the Master Mechanic 
should also receive a report from the locomotive engi- 
neer; furthermore, in cases of dispute as to the causes 
of delays, the engineer's report gives the Mechanical 
Department's version of the delay. Form M. P. 17 
is intended to provide for this. Sometimes the train 
dispatcher may not get all the needed information, and 
so by comparing his report with the one furnished by 
the engineer, it is made more certain to get at the facts 
in the matter than if a report was furnished by one only. 

The engineer's report is very useful, as it not only 
gives the time that the engineer was late in leaving 
with his train, but also the time he was late arriving, 
and all the delays that he encountered during the trip. 
It gives the Operating, as well as the Mechanical De- 
partment a chance to see how much time was made up, 
if any, and if delayed by any defect of the locomotive, 
the Master Mechanic should endeavor to remove such 
defect. If delayed by block signals, train orders, pass- 
ing trains, hot boxes on cars, or anything of that nature 
incidental to the operation of railways, it will be shown 
on this report. 

This has a tendencey to keep everybody keyed up 
and prevent delays. The engineer does not like to put 
anything down on this report that will injure his record, 
and, as the men in charge of the block stations, etc., 
understand that the engineer is required to make out 
this report, it keeps them alive to the necessity of doing 
everything they can to get trains over the road prompt- 
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ly. So this report is not only good for the information 
it gives to the Operating and Mechanical Department 
officials, but it creates an incentive in the minds of all 
employes who have to do with the progress of trains to 
see to it that nothing occurs that will in any way reflect 
upon their services. 



At stated intervals — say, every ten days — the Master 
Mechanic should send the Superintendent of Motive 
Power and Machinery a summary of the engine failures 
on his division during the period specified.* It may 
often happen that the information given in the Train 
Dispatcher's report of engine failures Is wrong, owing 
to erroneous information furnished by station agents, 
conductors and others; not, perhaps, intentionally so, 
but because everybody is in a hurry at such a moment, 
and there is not always time to make proper investiga- 
tion. Therefore, the necessity for Master Mechanics 
sending in this report, in order that the Superintendent 
of Motive Power may be able to compare the Train Dis- 
patcher's report with this summary and check off all 
the delays reported by him which are not in fact caused 
by engine failures for which the Motive Power Depart- 
ment is responsible. 



From the reports of engine failures received from the 
Train Dispatchers and Master Mechanics, the Superin- 
tendent of Motive Power and Machinery compiles a 
Monthly Record for each division showing the cause of 
each failure, the date on which it occurred, and the 
numbers of the locomotives causing the delays.f 

This permanent record shows in convenient form the 
number of engine failures from each cause daily, and a 

*M. P. Form 18, Appendix is intended for this purpose. 
fM. P. Form 19, Appendix. 



summary of each one of these reports gives the totals 
for the whole month. 



From the record of engine failures (Form 19) a sum- 
mary is made at the close of every month of tlie failures 
which occurred during such month, showing the total 
number on each division occasioned by each of the vari- 
ous causes.* These causes are classified under differ- 
ent headings- hot bearings, machinery failiu-es, boiler 
failures, air-brake failures, and miscellaneous. There 
should be blank spaces left under each heading to 
write in items not printed in the blank. 

By means of this report, comparisons may be made 
with other months, and with the corresponding month 
of previous years. It shows up at once the most preva- 
lent causes of engine faifures, and if they are numerous, 
it indicates where prompt action should be taken in 
order to reduce their number. 

Mui.:h valuable information can be obtained from this 
report, and when officials have this before them they 
are in possession of facts and figures that will enable 
them to take proper steps to eliminate many of the 
causes of engine failures, and thereby provide a better 
service. 

No well organized Motive Power Department, there- 
fore, it is thought, should be without a report of this 
character. 



KEEPING THE TIME OF LOCOMOTIVE ENGINEERS AND 
FIREMEN. 

One of the most important duties connected with the 
supervision of locomotives is that connected with keep- 
ing the time and ascertaining the wages of engineers 
and firemen. This also involves incidentally keeping 



. P. Form 20, Appendix. 



J 



62 THE SCIENCE OF BAILWATB. 

account of the particular kind of work they are engaged 
upon, where the work is performed, the time of its per- 
formance, and such other particulars as may be neces- 
sary to compute the wages and form statistical data for 
the use of those interested in the performance of loco- 
motives. 

The manner in which this is done and the forms that 
are used will depend in some minor particulars on the 
bases for computing wages, whether by the hour, or the 
number of miles run, or otherwise, as the case may be. 
This fact, with the attendant circumstances, must 
therefore be kept in mind in the study of what follows 
in connection with "keeping the time of locomotive 
engineers and firemen." 



In order to keep the time of the locomotive engineers 
and firemen accurately, it is necessary to receive from 
each engineer a written report giving the particulars 
of all time worked.* He is required to make out this 
report at the end of each trip, and drop it in a box pro- 
vided for this purpose in the round-house at his home 
terminal. The roimd-house foreman then forwards the 
trip report to the timekeeper. The timekeeper re- 
ceives from the Train Dispatcher a daily report of all 
train movements, with which he compares the en^- 
neer^s trip report, and if there are any discrepancies the 
engineer's report is sent to the Division Superintendent 
for investigation, and for his approval or disapproval. 
In this way a proper check is made of the time claimed 
by enginemen. 

On the reverse side of the engineer's trip report 
should be written the particulars of all time claimed in 
excess of the mileage allowed for the trip. For ex- 
ample, in work train service, the number of hours 
should be given; also a description of the work pe^ 

*M. P. Form 21, Appendix, 
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formed. The same is true of switching service and 
delayed time, so that the timekeeper not only shall 
have the number of hours worked in the various kinds 
of service, but the hours between which the engineer 
worked, as well as the description of the work; if for 
switching, where the switching was done; if for de- 
layed time, where the delay occurred; also the cause of 
the delay. In this way the timekeeper has the infor- 
mation necessary in order to verify ttie time. 



For use in verifying the time claimed by enginemen, 
the timekeeper should receive from the Train Dis- 
patcher a daily report of train movements.* This re- 
port should give all the particulars regarding each 
train, such as the train number, locomotive number, 
names of engineer and conductor, stations between 
which the train was rmi, time of departure and arrival, 
number of hours the men were on duty, etc. 

It is a very easy matter, when the engineer's trip 
report is compared with the Train Dispatcher's report 
for the timekeeper to notice any differences there may 
be. When it is necessary to correct the engineer's trip 
report, the engineer should be notified at once, so as 
to give him an opportunity to correct his report, or to 
say why he should or should not be allowed the time 
claimed. 



For reporting the time of engineers and firemen on 
engines engaged in switching service, a special blank is 
used.t On some roads a day's work for engineers and 
firemen engaged in switching service consists of 
twelve hours; on some, ten hours; and so on. 

This form of report provides for the name of the 



\ 



6i THE 8CIENCB OF RAILWAYS, 

engineer and fireman, the time the day's work was 
begun, and when ended. It also has a space in which 
to enter the time taken for meals. 

Any work performed outside of the ordinary switch- 
ing work is entered on the back of this time slip. 

This report should be sent to the official directly in 
charge of the switching for his certification; at outside 
points he may be the agent or foreman in charge of the 
switch engine. It may also be compared with the time 
of the foreman of the switch engine, so the timekeeper 
may know that the time is correct before same is 
entered in the book. 



The agent, yardmaster, or other official in charge of 
switching service should make a report to the time- 
keeper of the time worked by the crews of switching 
engines, for use in verifying the time claimed by the 
enginemen and switchmen.* 

This report gives the number of engines engaged in 
switching service at each station each day, together 
with the names of the enginemen and trainmen, and 
the time they commenced and quit work; also any time 
that should be deducted. This report takes but a few 
minutes each day to fill out, and it is very important 
in verifying the time of switching crews. 



As soon after the close of each month as possible, the 
locomotive engineer is required to make a report of all 
time worked during the month and forward same to 
the timekeeper.t In the proper columns should be 
pntered the number of the engine he was employed on 
each (late, also the name of the fireman with him, the 
number of hours claimed, and the kind of service he 
was engaged in. 

*M. p. Form 24, Appendix. 
tM. F. Form 25, Appendix. 
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When this report is received by the timekeeper he 
compares it with the time he has credited to the engi- 
neer and fireman on the time book, and if he has made 
any omissions his attention ia then called to same; if 
the engineer has claimed something that he has no time 
slip for, he should make due investigation, so as to have 
the allowances to the engineers and firemen all in before 
the books are closed. This precludes engineers claim- 
ing after pay-day that their time is not correct, for 
their time will have been compared with the engineers' 
time-slip, and every irregularity corrected before the 
pay-rolls are made out. 



A time book ig provided for keeping the time of engi- 
neers and firemen made up of loose leaves which are 
bound together when the work is completed, in the 
office where the time is kept. Thi:^ the names of the 
employes are easily kept in alphabetical order (or other- 
wise, aa desired), and new leaves may be inserted when- 
ever needed. 

Similar forms are used for keeping the time of both 
engineers and firemen, the positions of these titles being 
reversed in each case.* 

In the column headed " Miscellaneous Time," is en- 
tered all time dispatching, trying engines, acting as wit- 
ness in law cases, or other time not in actual service on 
road or switching work. 

In column headed "Switching Time," is entered the 
time in which a crew is engage<i in yard switching. 

In column headed "Running Time," is entered 
total number of hours allowed each day for such ser- 
vice. When pay is based on the number of miles run, 
the total miles di\'ided by ten will represent the hours, 
the term hour representing ten miles. The actual 
hours for which compensation is allowed is entered in 

•JI. P. Form 26, Appeadix. 
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these columns^ according to the class of en^ne in 
service. 

In the column headed " Engine Number, " is entered 
the number of the engine as shown on the engineer's 
trip report. In case an engine crew has more than one 
engine on a given date, the number of miles for each 
engine should be shown. If this cannot be entered in 
the proper column, it should be given in the " Remarks'' 
column. 

In the columns headed " From" and "To," should be 
shown the names of the stations between which the ser- 
vice has been rendered. 

In the columns headed " Miles Run," is entered the 
actual number of miles of each kind of service rendered 
on each divison. All passenger and freight mileage 
shown should be the actual number of mUes between 
the stations named, as indicated by the time tables. 

The mileage for " Work" service should be computed 
at eight miles per hour when compensation is made on 
the basis of hours worked, and the mileage does not 
exceed this amount. If the actual miles run exceed 
eight miles per hour, they should be shown. 

Switching mileage and pusher service should be com- 
puted at six miles per hour. Light mileage,* which 
is also shown in switching column, is actual mileage as 
shown by the time table. 

The location and kind of service entered in the 
"Work" column should be fully explained in the 
"Remarks" column, as all service of this nature must 
be charged to the account benefited thereby. 

In the columns headed " Delayed Time" and "Over- 
time" should be entered amounts, which added to one- 
tenth of the miles run will equal the hours allowed for 
a run in which delayed or overtime occurred. 

In the column headed "Constructive Mileage" 

*Light mileage or a light engine is where an engine and tender 
passes over the road without any cars attached whatever. 
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should be entered the excess of the time allowed over 
the actual time worked, when under the terms of com- 
pensation the enginemen are entitled to pay for less 
than a full day's work. For example, a freiglit crew 
on a certain date, makes a trip of 80 miles in less than 
eight hours, which is all the work they are called upon 
to do, and which is equivalent to eight hours' work, 
but as they are entitled to ten hours or a full day's pay, 
20 miles is entered in the "Constructive Mileage" col- 
umn, which added to the 80 miles actually run, equals 
100 miles or ten hours' work. 

At the close of the month each sheet should be footed 
and proved by comparing the total footings of the hours 
with those of the mileage. 

The total footings of the hours at each separate rate 
should be shown in the column headed "Number of 
Hours Allowed," and the amount of wages at each 
separate rate computed and entered in the column 
headed "Amount." These amounts should be footed 
and the total entered on the pay roll. 

The foregoing formulas represent particular methods 
for determining wages, and will require to be changed 
in minor particulars it is probable to meet different 
methods, as has already been pointed out. 



THE ENGINEHOUSE REGISTER. 

A record book should be kept in each roundhouse, 
in which the engineer should be required to register 
his name and the time of his departure (or arrival); 
also such other particulars regarding his trip as may be 
required, as, for example, the train number, engine 
number, kind of train, destination, name of fireman, 
etc * The same book may be used for both departures 
and arrivals, one page being headed " Departures '' and 
the opposite page " Arrivals." 

•M. P. Fonn 27, Appendix. 
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A column may also be provided on the record of 
"Arrivals" for the engineer to insert the number of 
hours he and his fireman were on duty since the com- 
mencement of the trip. Thus the roundhouse foreman 
will not call on them to go out again until the time 
allowed them for rest under the rules has elapsed. 

The Enginehouse Register is also a valuable record 
for the use of the timekeeper in settling questions 
which may arise regarding the time of arrival or de- 
parture of engines and crews, in checking the engineer's 
trip reports. 



DELAYED TIME AND OVERTIME ALLOWED ENGINEERS 

AND FIREMEN. 

As soon as possible after the close of each month a 
detailed statement of the delayed time and overtime 
allowed engineers and firemen should be forwarded to 
the Superintendent of Motive Power and Machinery 
by the timekeeper.* The information required in its 
compilation is obtained from the time book (form 26), 
and, like that form, this report is arranged to meet a 
particular method of computing the wages of engine- 
men. It is of value because it shows the causes of the 
overtime or delayed time, and thus enables the oflScials 
in charge to take proper measures to curtail unneces- 
sary allowances of this nature. 



From the foregoing detailed return (form 28) a sum- 
mary showing the cost of all time of this nature allowed 
engineers and firemen on each division is compiled in 
the office of the Superintendent of Motive Power and 
Machinery, copies of which should be sent to the 
Division Superintendents, general officers of the Oper- 

*M. P. Form 28, Appendix. 
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ating Department, and others interested * Upon re- 
ceipt of this the Operating Department officials can 
thoroughly investigate the causes for claims of thia 
nature, and take such steps as they think necessary 
in order to reduce the amounts allowed for this c' 
of time. 




LOCOMOTIVE MILEAGE. 

For use in the compilation of the " Locomotive Re- 
port" (Form 45), and for other purposes, it is necessary 
to obtain the total mileage made by each engine in 
each class of service, as well as the total mileage made 
by all engines on each division. A statement of thia 
character should be made each month by the time- 
kecper.f The mileage made by each engineer with 
each engine, as shown by the time book (form 26), is 
entered on this statement under the proper engine num- 
ber and in the column corresponding to the class of 
service in which the engine was e 



After the mileage made by each en^neer has been 
entered in the proper places on the foregoing statement 
(form 30), the mileage made by each engine should be 
summed up, and the totals thereof for each division 
recapitulated. A copy of this recapitulation (M. P. 
Form 31, Appendix) should be sent to the General 
Storekeeper or other official in charge of these accounts 
by each timekeeper, showing the total mileage made by 
each en^ne in the different classes of service on each 
division, and the total locomotive mileage on the 
division for the month named. 



In the General Storekeeper's office, or elsewhere, a 
record is kept of the mileage made by each engine on all 
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division?.* This record is compiled from the reports 
of the locomotive mileage made on each division (form 
31) received from the local timekeepers, and shows the 
mileage made by each engine, monthly (and also for 
the year), in the different classes of service. It forms 
the basis of statistical statements, comparisons, etc. 

For the purpose of ascertaining at any time the mile- 
age made by an individual engine, either in the aggre- 
gate or in each class of service separately, this record 
will be found to be of great service. It is often neces- 
sary to know the mileage made by a certain engine on 
a particular division during a certain month, or for 
several months, and by referring to this record the in- 
formation may be obtained at once. It is also useful 
in (leterriiining whether the wheels under each loco- 
motive make the mileage which is guaranteed by the 
manufacturers. 



COST OF REPAIRS OF LOCOMOTIVES. 

In order to compute the total cost of the repairs 
made to each locomotive, the General Storekeeper or 
other official should receive a report (M. P. Form 33, 
Appendix) every month from the local storekeepers at 
the various shops showing the expenditures (for ma- 
terial and labor separately) on account of each loco- 
motive. 

Upon receipt of the foregoing reports of the expendi- 
tures at each shop for repairs of locomotives, the Gen- 
eral Storekeeper should enter the amounts charged to 
each locomotive by the various storekeepers on the 
'' Monthly record of repairs on each locomotive" (M. P. 
Form 34, Appendix). From this record the total 
amount charged on all divisions for material and labor 
ex})ended on each engine is ascertained. 

*M. P. Form 32, Appendix. 
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LOCOMOTIVE MILEAGE AND REPAIRS. 

Each month the General Storekeeper or other official 
should send to the Superintendent of Motive Power and 
Machinery a report showing the kind of service each 
engine was engaged in; the number of milea run in each 
kind of service; and the cost of repairs — general, heavy 
and light* 

From this report the Superintendent of Motive 
Power can determine whether the cost is excessive or 
not ; particularly is this true in regard to materia!. If 
the charge for material on a certain engine seems to he 
too high, he should ask the storekeeper for a statement 
of the material furnished for use on that engine. Per- 
haps new flues and tires account for the unusual 
amount, but if, after taking them into account, the cost 
still seems to be excessive, the accounts should be care- 
fully verified. 

This report also enables the Superintendent of Motive 
Power to compare the cost of locomotive repairs and the 
mileage made on the different divisions each month. 



Each Master Mechanic should be informed every 
month of the mileage and cost of maintenance of the 
locomotives on his division. Such a report should be 
compiled for each division by the General Storekeeper 
or other official from his records of the individual loco- 
motives, and this report should be sent to the Master 
Mechanics as soon as the information required in its 
compilation can be obtained.f 

Then if the Master Mechanic should find that certain 
engines are costing much more for repairs than othera 
in the same service, he should investigate the matter 
and take steps to eliminate all unnecessary items of 
expense. 



i 
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A record book should be kept in the office of the 
General Storekeeper or other official, from which he 
may obtain, at any time, the mileage made by each 
engine in the different classes of service, during any 
month of the year on a particular division; also the cost 
of material and labor expended in repairing such 
engine.* 

When an engine passes through the shops for heavy 
or general repairs, the charges on account of same 
should be apportioned to each division (if more than 
one), on which such engine has made mileage since it 
has last received heavy or general repairs. This 
record is of value in obtaining the mileage made by 
engines in order to apportion the cost of repairs in the 
manner mentioned. 



FUEL USED ON LOCOMOTIVES. 

For purposes of accounting for coal delivered to loco- 
motives, the engineer is required to give the person in 
charge of the coaHng station a ticket (of the form pro- 
vided) for each ton of coal received.f 

The tickets are in book form and perforated so that 
any number may be removed -at one time. They are 
numbered consecutively, the first being numbered 0, 
the next 1, and so on. Thus the number of the first 
unused ticket will represent the number of tons de- 
livered to the engineer during the month. 

A new book is given to each engineer at the begin- 
ning of the month. His name should be written on the 
cover, and his number and the name of the division to 
which he is assigned, stamped on each ticket. At the 
end of the month the book is returned to the Master 
]\I(H^hanic, with all unused tickets therein; he is thereby 
enabled to ascertain the quantity of coal used by each 

*M. P. Form 37, Appendix. 
tM. P. Form 38, Appendix. 
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engineer during the month. The information thus 
obtained is used in determining the relative economy 
practiced by the different engineers in the use of fuel 
each month. (See M, P. Form 85, Appendix.) 

To aid in determining the quantity of coal used in 
the different classes of service, it will be found advan- 
tageous to have the tickets printed on different colored 
paper, as say red for passenger service; white for freight, 
and blue for work trains and switching service. 



Each month a detailed report should be made of the 
fuel delivered to locomotives at each coaling station, 
showing the quantity delivered each day, the kind of 
service in which tiie locomotive was engaged, etc. 
(See M. P. Form 39, Appendix.) Such reports should 
be made by the agent or other person in charge of the 
accounts of the coaling station, and sent, with the 
tickets received from the engineers, to the storekeeper 
designated to audit same. 

Before forwarding the report, it should be compared 
with the one for the previous month, and any discrep- 
ancies carefully investigated. 



Upon receipt of the reports and tickets from each 
coaling station on the division, the storekeeper should 
verify the reports and make a summary thereof show- 
ing the total quantity of fuel delivered to locomotives 
in each class of service at each station during the month 
named. A copy of this summary (M. P. Form 40, 
Appendix) should be forwarded to the General Store- 
keeper or official designated to receive same, who is 
thereby enabled to determine the total quantity of fuel 
delivered to locomotives on all divisions of the road. 

Reports and methods generally similar to the preced- 
ing may be used to advantage when oil or other com- 
bustible is used for fuel. 



1 
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OIL AND WASTE USED ON LOCOMOTIVES. 

For purposes of accounting for oil and waste used on 
locomotives, the engineer is required to give the store- 
keeper tickets representing the quantity of oil and 
waste received whenever he obtains supplies of this 
nature from the storehouse.* 

Like the coal tickets, these are also in book form and 
perforated so that any number may be removed at one 
time. They are also numbered in consecutive order, 
the first being numbered 0, the next 1, and so on. 

A new book is given to each engineer at the begin- 
ning of each month, with his name written on the cover, 
and his number and the name of the division to which 
he is assigned, stamped on each ticket. 

At the end of the month the book is to be returned to 
the Master Mechanic with all unused tickets therein. 
The number shown on the first unused ticket, muliti- 
plied by the quantity designated on the ticket, repre- 
sents the quantity of each kind of oil or waste delivered 
to each engineer during the month. 

To aid in determining the quantities of the different 
kinds of oil and waste used, it will be found advantage- 
ous to have tickets printed on different colored paper, 
as blue for engine oil, red for valve oil, green for signal 
oil, white for car oil, yellow for cotton waste and brown 
for wool waste. 



From the tickets received for oil and waste delivered 
to locomotive engineers, a report should be made by the 
disbursing storekeeper and sent to the General Store- 
keeper, or other official, showing the number of pints 
of oil and pounds of waste disbursed during the month.t 

From these reports the recipient ascertains the total 
number of pints of oil and pounds of waste delivered to 

*M. p. Form 41, Appendix. 
fM. P Form 42, Appendix. 
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locomotives on each of the different divisions of the 
road. This data is used in compiling the cost of oil and 
waste as shown in the "Locomotive Report" (Form 45.) 



REPORT OF ENGINES WIPED DAILY. 

In order to make proper distribution of the time of 
locomotive wipers and dispatchers and roundhouse 
laborers, for the different classes of service in which the 
engines are engaged, it is necessary that the round- 
house foremen should furnish a report each month 
showing the number of engines wiped each day. For 
this purpose the form ilhistrated elsewhere in this vol- 
ume is designed. (See M. P. Form 43, Appendix.) 



LOCOMOTIVE STATISTICS. 

Exhibits of the results of the operations of a railroad 
from month to month or year to year are of the great- 
est value to the officials in charge of the various depart- 
ments. Of especial interest are those returns which 
recount the performance of locomotives; the work done 
and the cost thereof for the various items of expense 
connected with the locomotive service, such as fuel, oil 
and waste, wages of engine and roundhouse men, coat 
of tools and supplies, and the expense of maintenance 
{both for material and labor). 

The value of such a report may be greatly augmented 
by so compiling the statistics as to show the results of 
the operations of different parts of the road separately. 
The arrangement should also be such that the results 
for the particular period for which the report is com- 
piled may be readily compared with the corresponding 
period of the preceding year, or otherwise, as desired. 

In addition to the statement of gross results, the loco- 
motive report should also show the cost per unit of ser- 
vice (in the case of locomotives this is the gross ton- 
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a bent point, the tube can then easily and ac- 
curately be broken where marked. 

Q. 15. — What precautions ought to be takea 
when replacing a broken water glass t 

A. — If, when replacing it, the boiler is hot the 
packing at the ends of the glass should be screwed 
up very loosely to provide against unequal ex- 
pansion between the glass and the frame, which 
would, of course, put too much pressure on the 
glass and break it. Wlien in position it should be 
allowed to stand long enough to become as warm 
as when in contact with the heated parts of the 
frame. Then the upper valve should be started 
enough to allow a little leakage of steam into 
the glass. Then a considerable amount of con- 
densation should be allowed to collect at the bot- 
tom before the lower valve is started in the same 
way. Then when the water level indicates ap- 
proximately the same level as the boiler, the valves 
should be gradually opened until in their normal 
working position. 

Then the packing glands should be screwed care- 
fully and gradually until all the leaking stops. 
However, it should be remembered it is better to 
have a leak than to screw in the packing too rap- 
idly, because the glass should be perfectly free 
to expand lengthwise and diametrically, in order 
to adjust itself to normal working condition and 
be free from strain. 

Q. 16. — AVhat was the trouble with these injec- 
tors ? Following is an account of their action : 

** Everything went right until it became nec- 
essary to use the second injector to keep water 
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mileage of the trains hauled, including the weight of 
cars and contents), for passenger and freight service 
separately. 

From a statement of this nature, the relative effici- 
ency evinced in the operation of the various divisions 
of the road, and of the same division at different times, 
may be approximately determined. Thus the officials 
of the Operating Department are informed as to the 
gross tonnage moved per mile run by passenger loco- 
motives and by freight locomotives, and are thus en- 
abled to see that the power is utilized to the fullest 
extent possible. And the Motive Power Department 
officials being advised as to the cost, in detail, of per- 
forming the service, are enabled to investigate all seem- 
ing irregularities, and check extravagances. 

The locomotive report illustrated in this volume 
(M. P. Form 45, Appendix), in addition to the vaiious 
statistics enumerated in the foregoing paragraphs, also 
shows other facts — both for the road as a whoh, and 
for parts thereof — of great importance, such as the 
number of miles of road operated, the average number 
of locomotives in service, the total quantity of fuel 
consumed, the mileage made by locomotives in each 
class of service, and the average mileage per locomotive, 
also the mileage of passenger and freight cars, etc. 

For use in comparing the total cost of fuel during the 
periods included in the statement, the prices used in 
computing the cost are also given, thus indicating 
whether the gain or loss represented by the total charge 
is due to difference in the price, or the economical or 
extravagant use of fuel. 

A careful study of the form of report herein given will 
amply repay the student; the form, of course, may be 
changed to meet special needs or requirements. 



The detailed information required in compiling the 
locomotive report described is obtained from the 
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various storekeepers or other persons in charge of the 
accounts at the different shops where the expense is 
incurred. For this purpose the "Monthly summary of 
charges to various operating accounts for materia! and 
labor account of engines on each division" (M. P. Form 
44, Appendix) ia provided. 



KEEPING TRACK OF THE WHEELS UNDER LOCOMOTIVES 
AND TENDERS. 

As both safety and pconomy of operation hinge large- 
ly on efficiency or otherwise of engine and tender 
wheels, careful .provision is required to be made in 
order that supervision of the same may be prompt and 
, full. This requires many different returns and records. 

The manufacturers of cast iron wheels for engine 
trucks and tenders usually furnish them under a con- 
tract or agreement which provides that if any of thf 
wheels prove defectiv? and must therefore be removed 
before they have run a specified number of miles, the 
manufacturers will refund to the railway company an 
amount representing such deficiency. 

For this reason it is necessary that a record be kept 
of the service of each wheel placed under locomotives. 
To facilitate this, serial numbers are stamped or cast 
on all wheels. When a wheel of a given number is 
applied to a certain engine, and when such wheel is 
removed for any cause, both dates and the cause of 
removal are duly recorded opposite the number of the 
wheel. The mileage made by the locomotive between 
these two dates represents the number of miles run by 
such wheel. The cause of the removal is always given, 
as there are certain defects which are not chargeable to 
the manufacturer, as, for instance, flat spots caused by 
sliding, due to the improper application of the brakes 
on the part of the railway employes, etc. 
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At the close of the month the foreman at each shop 
or roundhouse where wheels are applied to or removed 
from locomotives is required to send a report (M. P. 
Form 46, Appendix) to the Division Master Mechanic 
f^howing the particulars of all cast iron engine, truck 
and tender wheels applied and removed during the 
month. 

These reports from each shop are then consolidated 
by the Master Mechanic into one report for the division, 
a copy of which is sent to the Superintendent of Motive 
Power and Machinery for his use in ascertaining the 
service of each wheel. 

Upon receipt of the reports from each division, the 
Superintendent of Motive Power and Machinery com- 
piles a statement of all wheels removed from locomo- 
tives during the month, showing such facts regarding 
same as may be necessary, as, for instance, the shop 
where removed, number of the engine from which re- 
moved, the date applied, date removed, mileage made 
in the interim, the date each wheel was cast, and finally 
the cause of removal. (See M. P. Form 47, Appendix.) 

Separate statements of this character are made for 
the wheels received from each manufacturer, and also 
for each size and kind of wheels. These reports show 
what wheels, if any, have failed to make the mileage 
guaranteed by the makers, and afford valuable infor- 
mation in other directions. 



From the foregoing detailed statements of wheels 
removed (Form 47), a synopsis is made for the use of 
the Superintendent of Motive Power, showing the num- 
ber of wheels removed during the month on account of 
sliding, on account of sharp flanges, for other causes, 
and the total number removed for all causes; also the 
average mileage made by the wheels removed for each 
cause and for all causes.* If an imdue proportion of 

*M. P. Form 48, Appendix 
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the wheela are removed on account of sliding, it would 
appear that the air brake apparatus is not being prop- 
erly maintained, or that those in charge are careless in 
the application of the brakes. Or if an excessive num- 
ber of wheels are removed on account of sharp flanges, 
this may be due to the mism^ting of wheels; or it may 
be caused by the truck not being properly squared up. 
Thus, upon investigation the cause of the trouble may 
be readily determined, and the proper remedy applied.. . 



The Superintendent of Motive Power sends to the 
Purchasing Agent a statement showing the total num- 
ber of each manufacturer's wheels removed each month, 
the average mileage made, the number of wheels re- 
moved which failed to meet the guarantee of the mak- 
ers, and such other particulars as may be necessary. 
(See M. P. Form 49, Appendix.) This information ia 
also valuable in enabling the Purchasing Agent to deter- 
mine what make of wheels is ^ving the best general 
results and averaging the largest number of miles. 



Each month the Superintendent of Motive Power 
should prepare a statement of wheels removed which 
have failed to make the mileage guaranteed by the 
makers, and which have also been accepted by the 
wheel company's inspector, to be returned for credit.* 

It is suggested that claims for credit for all failed 
wheels should be made as follows: Bills should be 
rendered against the manufacturers of the wheels for 
the difference between the guaranteed and the actual 
service. From the cost of the new wheel is deducted 
the value of same as scrap, which is computed on the 
basis of the value per gross ton. The differeneo rep- 
resents the net value or cost of the wheel for the guar- 
'M. P. Fonn 50, Appendix. 
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anteed mileage. Therefore, the amount to be refunded 
by the manufacturer is the same proportion of this net 
value or cost as the mileage deficiency is of the guaran- 
teed mileage. To this amount should be added the 
allowance, covering the cost of labor for removing and 
replacing each wheel failing to make its guarantee. * 

The following example will illustrate the method of 
computation. A wheel guaranteed to run 70,000 miles 
runs only 40,000 miles when it is necessary to remove it 
on account of some defect, leaving a deficiency of 
30,000 miles. 

Value of new wheel $8.00 

Value of wheel as scrap 4 . 50 

Net value $3.50 

$3.50 divided by 70,000 miles equals five cents per 
thousand miles. The deficiency of 30,000 miles at the 
rate of five cents per thousand miles equals $1 . 50, the 
amount allowed account of deficiency. To this amount 
is added the charge for the labor of changing the wheels, 
the sum being the amount of the bill against the maker. 



A record book should be kept in the office of the 
Superintendent of Motive Power and Machinery, in 
which the numbers of all cast iron wheels received 
should be entered in consecutive order. The entry in 
each case should also give the size,, kind, and name of 
the manufacturer, as see the illustration of the form 
(M. P. Form 51, Appendix). 

When a wheel of a given number is reported applied 
to a certain locomotive, the place, date, number of the 
axle, and number of the engine are entered in the proper 
columns opposite the number of the wheel. Then 
when the wheel is reported removed, the date and cause 
of removal are noted in the spaces provided. The his- 
tory of each wheel is thus readily referred to, and from 
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this record the information required in computing the 
mileage made by each wheel is easily obtained. 




STEEL TIRED ENGINE TRUCK ANI> TENDER WHEELS, 

Reports and records somewhat similar to those used 
in connection with cast iron wheels are also required in 
keeping track of the steel tired wheels under locomo- 
tives. Although these latter may not be guaranteed 
by the makers for a specified period or number of miles, 
yet it is desirable that adequate records be kept in order 
to see what manufacturer's tires are giving the best 
service. 

For this reason the various shop foremen report to 
the Master Mechanics the particulars of all steel tired 
engine truck and tender wheels applied to or removed 
from locomotives each month, and these reports are 
summarized by the Master Mechanics, a copy of the 
summary for each division being sent to the Superin- 
tendent of Motive Power and Machinery.* 



In the office of the Superintendent of Motive Power 
and Machinery a record book is kept, in which the num- 
bers of all steel tires for engine truck and tender wheels 
are entered consecutively. When wh-;els are applied 
to a locomotive, the number of the engine, and the place 
and date applied are entered in the columns provided 
opposite the number corresponding to the tire. When 
removed the place and date of removal are also entered, 
and the mileage between the two dates computed and 
entered in the column provided. Several sets of these 
columns are provided opposite each tire, for the reason 
that the tires after being removed from one locomotive 
are " turned up " and applied to another, until worn too 
thin to permit of this being done with safety. The 

•a. p. Form 52, Appendix. 
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form of record illustrated in this volume (M. P. Fonn 
54; Appendix) is admirably fitted for this purpose. 



In order that the Superintendent of Motive Power 
and Machinery may find at any time the numbers and 
records of the truck and tender wheels under any loco- 
motive, an index is provided, two pages (opposite each 
other) being used for each locomotive. (M. P. Form 
53, Appendix.) On these pages are entered the nmn- 
bers, sizes and kinds of the wheels and tires under that 
engine, also the names of the manufacturers, and dates 
applied and removed. The left hand page may be 
used for cast iron wheels, and the right hand page for 
the steel tires and wheel centers. Thus when it is de- 
sired to refer to the detailed history of any wheel or 
tire under a particular locomotive its number may be 
readily obtained from this book, and the record then 
found opposite the number of the wheel or tire in the 
record books provided for same. (Forms 51 and 54, 
Appendix.) In this way if a certain engine has 
broken a tire, this index book will designate the 
maker and number of the tire, and by turning to the 
record book (Form 54, Appendix), the history of the 
tire is easily found. 



DRIVING WHEEL TIRES. 

Separate records are kept by the Superintendent of 
Motive Power and Machinery for all driving wheel tires. 
In all cases when such tires are applied to or removed 
from locomotives, or turned, the shop foreman is re- 
quired to make a report thereof, stating the numbers of 
the tires, name of manufacturer, diameter of wheels, 
engine number, date applied, removed or turned, thick- 
ness of the tire, and cause of removal (M. P. Form 55, 
Appendix). 
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In the office of the Superintendent of Motive Power 
and Machinery a record book is kept, in which the num- 
laers of all driving wheel tires are entered in numerical 
order; also the name of the maker, the inside diameter 
of the tire, and thickness of the tire when new (M. P. 
Form 57, Appendix). When the tire is reported ap- 
plied to a locomotive, the number of the engine, and 
place and date applied are entered opposite the number 
of the tire. When reported removed, the place and 
date are entered in the columns provided; also the 
thickness of the tire after turning. The mileage made 
by the locomotive from the time the tire was applied 
until it was removed is then computed and entered in 
the record book opposite the number of the tire. As 
tires may be applied to several different locomotives 
before being worn out and scrapped, a number of col- 
umns are provided, so that a record may be kept of the 
particulars in each case. 

From this record the Superintendent of Motive 
Power is enabled to determine the total mileage made 
by each tire, as well as the number of miles made be- 
tween each turning. Thus comparisons may be made 
between the tires of different manufacture. 



To assist in looking up the history of the driving 
wheel tires under any particular locomotive, an index 
is provided, a separate page being used for each loco- 
motive (M. P. Form 56, Appendix). On the page rep- 
resenting each engine, is listed the numbers of the 
tires under that locomotive; also the name of the maker 
and date applied. When removed that date is also 
entered in the proper column. The numbers of the 
tires being given in this index, the detailed history of 
each one is readily found by turning to that number m 
the record of driving wheel tires (Form 57). 
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SHOP LABOR. 

Effective supervision of the pay rolls for shop labor 
in the Motive Power Department is necessary in the 
light of both economy and effective operation. Re- 
turns and records must therefore be such as to secure 
this. With this in mind the following is suggested: 

As soon as possible after the close of the month every 
Master Mechanic should prepare a statement of the pay 
rolls for each sub-shop, comparing the rolls for the cur- 
rent month with those of the previous month of the 
same year and the corresponding month of the preced- 
ing year.* All increases and decreases should be ex- 
plained in detail, so that the Superintendent of Motive 
Power and ^Machinery can see how much is due to 
changes in rates of pay, differences in number of hours 
worked, or increase or decrease in the force employed. 

The Superintendent of Motive Power, by means of 
the information contained in these reports and his 
reports showing the condition of power on the various 
divisions, will be enabled to determine whether it is 
advisable to increase or decrease the pay rolls on the 
several divisions in order to maintain the power at the 
required standard. 

In the office of the Superintendent of Motive Power 
and Machinery a summary of the several Master Me- 
chanics^ reports should be made, showing the total 
amount of the pay rolls at each point, and a copy of 
same forwarded to the officers of the Operating 
Department. 



All sliop foremen should send to their Master Me- 
chanics a report showing the number of men employed 
at such shops on the last day of every month, or oftener, 
if rofjuired. Tliis report should show for each kind of 

*M. P. Form .39, Appendix. 
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work separately : the number employed, the rates per 
hour, day, or month, and the total and average amounts 
paid for each class of labor * 

This report will enable the Master Mechanic, by com- 
paring the number of engines that were handled each 
day at the respective shops on his division, to determine 
the relative force of the departments and whether they 
should be reduced. 



Each Master Mechanic should ma.ke a summary of 
the reports (Form 60) received from the different shops, 
showing in one statement the same statistics regarding 
the forces at each of the shops on his division. A copy 
of this summary (M. P. Form 61, Appendix) should be 
sent to the Superintendent of Motive Power and 
Machinery, who, by comparing the number of men 
employed and the amount of the pay roll at the differ- 
ent shops, with the output of sucJi shops for each 
nionlli, is enabled to determine (alwn taking into con- 
sideration the number of engines he has waiting to go 
into the shop), whether the pay rolls on a certain divi- 
sion are excessive or otherwise. 



For the information of the officers in charge of the 
Motive Power ami Opcratipg Departments, the Super- 
intendent of Motive Power and Machinery should have 
prepare<l a iletailed statement of the force employed 
at the principal shop (and for others if thought desir- 
able), in form generally similar to the two foregoing 
reports {see M, P. Form 62, Appendix). In addition 
this report should also show a summary by divisions of 
all the other sliop pay rolls; also a recapitulation of the 
total shop forces employed on eat'h division. Thus 
the officers in charge are kept informed as to the ex- 
penditures for labor in the Motive Power Department, 

*.\I. I'. Form f.0, Appentlk, 
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and in the event of an increase in the total pay rollj 
the point where it occurs is known, and such investiga* 
tion instituted as the facts warrant. 



BREAKAGES OF LOCOMOTIVE PARTS. 

In order that the Superintendent of Motive Power 
and Machinery may avail himself of the lessons to be 
learned from the failures and breakages of the different 
parts of the mechanism of locomotives, detailed reports 
and sketches are required from the inspectors and fore- 
men, showing in each case, the nature of the fractiu-e, 
the probable cause, and such other particulars as may 
be necessary. Since many of the men required to 
render these reports may not be sufficiently skilled in 
drawing to make such sketches as are necessary for an 
intelligent understanding of the case, and also to secure 
uniformity in the returns, blank forms are provided 
with outline drawings of certain parts of the locomotive. 
Then all that is necessary on the part of the foreman or 
inspector is to indicate the location and shape of the 
fracture on the illustration of that part, also noting the 
dimensions to certain fixed points, in addition to the 
written explanation of the breakage. (See M. P. Forms 
63 to 77, inclusive, Appendix.) 

These reports should be forwarded by the maker to 
the Master Mechanic, who makes such notations there- 
on as he thinks necessary, before forwarding them to 
the Superintendent of Motive Power and Machinery. 
After being examined by the Superintendent of Motive 
Power, with the view of ascertaining what parts were 
broken through the carelessness of employes, these 
reports should be forwarded to the Mechanical Engi- 
neer or other person in charge of the designing of the 
locomotives and locomotive parts, who will determine 
whether the breakages were caused by defects in con- 
struction, or through natural wear. The information 
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SO obtained will enable him to take such steps as may be 
necessary in order to avoid similar breakages from the 
eamp causes in the future. 

For example, if certain classes of engines are break- 
ing certain parts of the mechanism, it will be shown by 
these reports wherein the broken parts are defective, 
and the Mechanical Engineer, together with the Super- 
intendent of Motive Power, can then make such pro- 
vision, by either strengthening the parts or changing 
the construction of same, as will eliminate, or at least 
materially reduce, the number of failures or breakages. 



INSPECTING AND KEPAIRING LOCOMOTIVE AND STATION- 
ARY BOILEBS. 

One of the most important duties in connection with 
the Motive Power Department is the effective super- 
vision of locomotive and stationary boilers. Whenever 
repairs are made to boilers, detailed reports of the work 
done are required, so that all changes can be properly 
recorded. Frequent inspections should be made, and 
the facts as found duly recorded, together with the 
name of the inspector, so that, should occasion require, 
the responsibility in any case may be readily deter- 
mined. 

Whenever a boiler has been repaired, a report show- 
ing in detail the condition of such boiler, and the nature 
and location of the repairs, should be made by the fore- 
man, and sent to the Master Mechanic, who, after 
<>xamining same and making any notations in regard 
to it which he thinks necessary, should forward it to 
the Superintendent of Motive Power and Machinery. 
(See M. P. Form 78, Appendix.) On the blank is 
printed a diagram of the boiler, on which the foreman 
.should indicate the location and extent of all repairs. 
Both old and new patches should be shown — tUfferent 
colors of ink being used to indicate whether new or old. 



I 



I 



78 THE SCIENCE OF RAILWAYS, 

It is very essential that stationary and locomotive 
fire-box stay-bolts should be inspected periodically; for 
locomotives, say once a month, and for stationary 
boilers, once every ninety days. All stay-bolts that 
are not drilled witli '' tell-tale '' holes should be in- 
spected by a competent boilermaker, who uses a ham- 
mer for this purpose, determining by the sound whether 
broken or not. AVhere '^tell-tale'' holes are drilled, 
they do as their name implies, tell the tale automati- 
cally when broken, by showing through the drilled hole 
a leakage of steam or water. These holes should be 
drilled to a depth extending about a quarter of an inch 
beyond the inside of the plate, when the bolt is in place. 

A record book (M. P. Form 79, Appendix) should be 
kept at each shop, in which the inspector is required to 
note the number and location of all broken stay-bolts 
found by him. The date and number of the engine 
should also be given, and his signature should be enter- 
ed o})posite the item. When the defective stay-bolts are 
rei)lace(l, the certificate to that effect should be signed 
by the person making the repairs, and the date noted 
opposite the inspector's entry. 

In order that the Master Mechanic and Superintend- 
ent of Motive Power and Machinery may be advised 
that stay-bolts in boilers are inspected, a report (M. P. 
Form 80, Apjxmdix) should be sent to the Master 
Mechanic l)y each inspector, and a copy sent by the 
^lastcu" Mechanic to the Superintendent of Motive 
Power, showing the details of all inspections made 
during the month, as shown by the record book (Form 
79). 

The usual report of the breakages of stay-bolts 
(Form 76) should accompany the report so that the 
Mechanical Engineer can see where these bolts most 
frequently break, and so take such steps as may be 
necessary to reduce the number of breakages of this 
nature. 
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Usually the Supermtendent of Motive Poww and 
Machinery has charge of the stationary boilers. In 
order that he may koow that they are mspected at 
regular intervals, reports are required from the in- ' 
epectors, showing the condition of all boilers on the 
system. Unless there are certain times for inspection, 
some boilers on a large system are likely to be neglect- 
ed, and it is only by doing the work systematically and 
at stated periods that the Motive Power Department 
officials can be assured that the work is done. 

The method of inspection is described in detail on 
the blank. (See M. P. Form 81, Appendix.) 



Intimately connected with the supervision of boilers 
is the inspection of pressure gauges and safety valves. 
The men selected to do such work should be men of 
good judgment and worthy of the great trust, 

A)] steam and air gauges and safety valves should be 
inspected at least four times a year, and a detailed 
report thereof should be made to the Superintendent 
of Motive Power and Machinery, showing their con- 
dition; how they were found, and what repairs were 
made; the report should also show that they have been 
put in first class condition at least once a quarter.* 
Such information assures the Motive Power Depart- 
ment that these very important parts of the locomotive 
have received careful attention, and that there is no 
excessive pressure carried in the boiler. 



In order that the Motive Power Department officials 
may have a complete record of the details of stationary 
boilers, and thus know their condition and the pressure 
carried, a report is required from the shop foreman in 
all cases when any change is made in a stationary 
boiler, showing the nature of all work done and the 

*M. r. Fonii 82, .\p]x^inli\. 
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exact condition of the boiler when ready to be put in 
service again. (See M. P. Form 83, Appendix.) Per- 
haps the condition of the boiler, as shown by the last 
report, may have been such as to make it necessary to 
reduce the pressure in the boiler, and not allow the 
maximum pressure to be carried until certain changes 
or repairs are made. When these changes are made, 
a report thereof should be sent to headquarters, so that 
if the changes made are satisfactory the local oflScials 
may be instructed to carry such pressure as is con- 
sidered safe. Only by such means can a large number 
of boilers be kept in good order, and the officers in 
charge feel sure that every boiler is absolutely safe 
for the pressure carried. 



LOCOMOTIVE VALVE MOTION. 

A means to an end in the operation of locomotives is 
to see that the valves are adjusted so as to get the 
maximum results for the least steam consumption at 
varying points of cut-off. This should practically be 
the case at all points of cut-off where the engine has to 
do the major portion of its work. The adjustment of 
the valve motion is determined in the office of the 
Superintendent of Motive Power and Machinery, after 
a thorough investigation has been made by the use of 
indicators on each class of locomotives. Ideal indi- 
cator-cards for each class of engines should be made 
and kept in the office of the Mechanical Engineer and 
Master Mechanic. The card showing the adjustment 
of the valve motion of a given engine should be com- 
pared with the ideal card of the valve motion on that 
type or class of engine, and the attention of the Super- 
intendent of Motive Power and Machinery and Master 
Mechanic called to any irregularities in same, so that 
any necessary adjustments may be made in order to 
increase the efficiency of the engine. 
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For purposes of record in the office of the Superin- 
tendent of Motive Power and Machinery, a report is 
required from the shop foremen and Master Mechanics 
giving in detail the description of the valve motion on 
all engines passing through the shops. (See M. P. 
Form 84, Appendix.) 




COMPARATIVE RECORDS OF FUEL AND OIL D8ED BY 
LOCOMOTIVE ENGINEERS, 

There can be no question as to the great need of 
economy being exercised by locomotive engineers in 
the use of fuel and lubricants; especially fuel, which 
constitutes from one-eighth to one-tenth of the total 
operating expenses of the raih-oads of this country. 
As an aid in the accomplishment of this purpose (and 
to foster a spirit of emulation) monthly statements 
showing each man's record are prepared and bulletined 
in all the engine houses on each division. To facilitate 
comparisons, the engineers in each class of service 
(passenger, freight, etc.), also those running regularly 
on similar trains, are grouped together. Such exhibit^ 
should show, in the case of fuel, the names of the engi- 
neer and fireman, the location of the run, the train and 
engine numbers, the engineer's mileage for the month, 
quantity of fuel consumed, average number of miles 
run per ton or average quantity of fuel consumed per 
mile run; also the total work performed during the 
month (expressed in "ton-miles"), and the average 
([uantity of fuel consumed per 100 ton-miles.* 

Another purpose of this report is to permit the 
management to ascertain what relation the fuel con- 
sumption from month to month bears to the 
of traffic hauled. 

•M. P. Form 83, -Appendix. 
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In the enforcement of economy and resp>onsibility a 
form of statement is used for comparing the records of 
engineers using lubricating oils, generally similar to 
that used in the case of fuel. The total number of 
pints of each kind of oil used by each engineer during 
the month is shown; also the average number of miles 
run to the pint. In addition, the cost of the oil used is 
stated, and the average cost per 100 engine miles. 

It may occur that enginemen, thinking cylinder oil a 
better lubricant than the other lubricating oils, will use 
it in the driving boxes. In the winter time this will 
cause trouble by not feeding through the waste. The 
report (M. P. Form 86, Appendix) will show if there is 
an excess of cylinder oil used; and as cylinder oil is 
much more expensive than the other lubricating oils, it 
is highly desirable that the Motive Power Department 
should see that it is not used extravagantly — not only 
on account of its cost, but also because of the trouble it 
will create if used outside of the valves. 



COXDITION OF SHOP TOOLS AND MACHINERY. 

To prevent waste and promote efficiency of service, 
an invontorv of the tools and machines in the various 
shops on each division should be made by the Master 
Mechanic yc^arly or oftener. A copy thereof should be 
sent to the Superintendent of Motive Power and 
^Machinery. The inventory should specify the kind of 
machirus, and give a brief description of same; also the 
name of the manufacturer, the maker's number, the 
location, name of the sub-shop, date placed in service, 
lh(Mr cost when new, estimated value at the time of 
making the report, and such notations as to their pres- 
ent condition, etc., as may be necessary for the Super- 
intc^ident of Motive Power and Machinery to under- 
stand clearly the situation at each point.* 

*M. r. Form 87, Appendix. 
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These reporlB will, among other things, enable the 
Superintendent of Motive Power and Machinery to 
detect old-fashioned or obsolete tools and determine 
their relative value, and whether they should be 
abandoned. 




APPLICATIONS FOR EMPLOYMENT, 

One of the most important and valuable t 
official has to do is to select men ; men fitted for present 
and possible future work. Hence written applications 
are rectuired from at] would be employes, giving the 
names and.addressea of previous employers, and stating 
the nature of their previous experience, together with 
such other particulars as will aid in determining the 
I applicant's fitness for the position desired. Inquiries 
' regarding the qualifications of the applicant should be 
made of all those who are given as references,* 

Bearing in mind that the firemen of to-day will be the 
future locomotive engineers, it is readily seen that care 
exerci.'^ed at the beginning will save the Motive Power 
Department much trouble that might be experienced 
in the yeai's to come if such employes were not wisely 
.selected. 

If, after due investigation, the application is ap- 
proved, every applicant for employment on locomo- 
tives i.-i required to be examined by the company's sur- 
(»eon, in order to sec that he has no physical defects, 
such as imperfect .sight or hearing, which would dis- 
<iualify him for this service. 



MECHAXICAL EXAMINATIONS OP FIREMEN. 

The preparatory examinations that those who seek 

to become firemen must pass, and the examinations 

'M. P. Form 88 (for cngineiiien) and 103 (tor shopmen). 
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that they must pass afterwards in order that they may 
become engineers, are not uniform as regards the par- 
ticulars of the examinations on different roads. It is 
not probable that such differences are important. They 
nevertheless exist, both as regards time and matter. 

When any one is employed as a locomotive fireman, 
the foreman or Master Mechanic advises him as to what 
will be expected of him and the- general nature of his 
duties. Before going to work, however, he is required 
to pass an examination pertaining to signals, color 
blindness and other fundamental matters, as see M. P. 
Form 88. He is then given a book containing certain 
questions concerning the operation of a locomotive. 
At the end of the first year he is examined as to his 
knowledge of the matters referred to in the first series 
of questions. Having passed a satisfactory examina- 
tion, he is given a book with the second set of questions. 
At the end of the second year he is given another ex- 
amination, and is then given the third year's book. At 
the end of the third year he is required to pass an ex- 
amination on all three books. 

The first and second years' examinations are usually 
made by the Master Mechanic and Traveling Engineer. 
The third year, which is the final examination, the fire- 
man is examined by a board consisting of traveling 
engineers from all divisions of the road. This is done 
in order that the men coming before this board will feel 
that they are away from the influences and prejudices 
that might exist on their home division, and confident 
of getting a ^^ square deal.'' 

In this connection it may be said that in the course of 
liis examination the fireman is required to take sec- 
tional parts of the mechanism used in connection with 
the ail brakes, injectors, lubricators, air pumps, valve 
motion, etc., and trace the operation of each from 
beginning to end. His average for the final examina- 
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tion, as well as the previous examinations, must not be 
less than eighty per cent. If he fails he may be given 
another opportunity at the expiration of six months. 
Failing a second time he is reUeved from duty. 

The many particulare and explanations of import- 
ance that suggest themselves and that are properly 
objects of interest to firemen and those who seek to 
become firemen are too extended for the space that can 
be giveo them here. Those interested in such matters, 
however, will find them considered at length in another 
volume of the "Science of Railways" series. 



ADVERTISING VACANCIES IN LOCOMOTIVE 8EHVICB. 

On most railways the engineers and firemen rank in 
\ employment according to the length of time they have 
' been in the service of the company. The best runs, 
other things being equal, are given to the senior men. 
For this reason, whenever a vacancy occurs on a 
division the Master Mechanic is required to have a 
notice thereof posted on the bulletin boards in all the 
roundhouses on the division, stating the number of the 
train, the terminal points of the run, and any other 
items in regard to same whicli may be necessary.* 
This notice should also specify the time by which all 
applications for the place must be received by the Mas- 
ter Mechanic, and engineers or firemen must make 
application within that time if they desire the position. 



EMPLOYES .^UTHOniZED TO OPERATE LOCOMOTIVES. 

In order to avoid the accidents which would in- 
evitably happen through the movement of locomotives 
by employes not qualified to operate them, each em- 
ploye upon entering the service of the Motive Power 
Department is advised of the company's regulations 

*M. P. Form 89, .\ppendix. 
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in this respect, and the penalty for the violation of such 
rules. The form of notice illustrated elsewhere in this 
volume states explicitly what employes are authorized 
to move or operate locomotives, and also provides for 
the written acknowledgment of its receipt by the 
employe.* 



EMPLOYMENT OF MINORS. 

To protect the company from financial loss and for 
other reasons, the written consent of the parents or 
legal guardians is required in every instance when 
young men under age enter the employment of the 
pany.f Such release is executed in duplicate, one 
copy being kept in the office of the Division Master 
Mechanic, the other being sent to the Superintendent of 
Motive Power and Machinery for filing. 



CERTIFICATE OF COMPLETION OF APPRENTICESHIP. 

Whenever employes have completed their term of 
apprenticeship in any trade or line of work in the shops 
of the Motive Power Department, a certificate reciting 
the facts is given them.J This serves the purpose of a 
diploma, testifying that the person named therein has 
mastered his trade, and is entitled to ^ journeyman's 
wages. 



DELAYS IX HANDLING LOCOMOTIVES AT TERMINALS. 

The economical use of locomotives requires that they 
be handled promptly at terminal points, and upon 
arrival after one trip be prepared for the next with the 
minimum loss of time. Especially is this true during 

*M. r. Form 90, Appendix. 

tFor form oi" release see M. P. Form 91, Appendix. 

JM. r. Form 92, Appendix. 
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the busy season, but at ail times it is necessary to avoid 
having trains delayed on account of the tardiness of 
employes in handling locomotives at engine 1 

To aid in supervising effectively this feature of the 
service, a daily report is requhed by the Master Me- 
chanic from all roundhouse foremen, showing the length 
of time each engine is held for various causes, aa for 
coal, water and cleaning fire; for repairs; and for orders; 
also the total time held for all causes, and the average 
time held per engine.* Such a report need not be re- 
quired for engines regularly assigned to particular 
trains, and not available for other service, as in the ease 
of passenger locomotives. 

The Master Mechanic should carefully scrutinize 
these daily reports, and correct all conditions causing 
unusual delays. Each week he should send the Super- 
intendent of Motive Power and Machinery a summary 
of the daily reports, for his division in order that the 
Superintendent of Motive Power and Machinery may 
compare the service on one division with that on an- 
other, and take such action as he deems advisable in 
order to improve the service. 



LOCOMOTIVE TOOLS AND SUPPLIES. 

The practice of care and economy in the use of tools 
and supplies by enginemen is to be encouraged by every 
means possible. As in the case of fuel and oil, much 
good can be accomplished in this direction by the com- 
parison of the records of the different engineers in 
regard to the cost of the supplies of this nature used by 
them. With this object in view, on the first of the 
month each engineer is provided with a book of requi- 
sition blanks to be u.sed in all cases in obtaining tools 
and supplies from the storehouse.f These requisitions 



\ 
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are in duplicate, the original being given to the store- 
keeper, and the copy (made by use of carbon sheets) 
retained in the book. The requisitions and records are 
also numbered consecutively, so that the person exam- 
ining the book can see that no records are missing. At 
the end of the month the book, with the carbon records 
and all unused requisitions, is returned to the Master 
Mechanic, who prepares a statement showing the cost 
of the tools and supplies issued to each engineer. This 
statement should be bulletined in all roundhouses on 
the division. Those who are shown to be extravagant 
in the use of supplies will thus be induced to correct the 
fault. In this way much loss from the wasteful use of 
locomotive tools and supplies will be avoided. 



INSPECTION OF LOCOMOTIVES. 

At the end of each trip it is necessary to have a loco- 
motive carefully inspected and all needed repairs made 
before it is put in service again. This work, carefully 
done, will prevent many accidents and delays which 
might otherwise occur, and will fully sustain the truth 
of the old proverb, '^ An ounce of prevention is worth a 
pound of cure.'' At important terminals a man is 
usually assigned to this work. However, many things 
may be noticed by the engineer while the locomotive 
is in use that might not be observed by the inspector. 
For this reason engineers are also required to inspect 
their engines carefully after each trip, and notify the 
roundhouse foreman in writing of all work which is 
necessary to be done. They are held responsible for 
all defects not reported by them. The engineer's re- 
port (M. P. Form 95) is of great value to the round- 
house foreman, as it calls his attention to the working 
of the engine while in service. On the reverse side of 
the engineer's report is given the certificate of the work- 
man that all repairs have been made, which must be 



BUPERVI8I0N OF LO00M0TIVB8. 

approved by the roundhouse foreman before the engine 
s put in service. 



STOCK KILLED AND INJOHED. 



in settling claims against a company for damages to 
property, etc., it is essential that the officials e 
in disposing of these matters should be fully and accur- 
itely informed as to the facts in each case. In all cases 
where the damage is caused by locomotives the engi- 
neer's version of the accident must be promptly ob- 
bained. In order to prevent the engineer from over- 
iooktng any of the circumstances bearing on the c 
I form is provided for his use in making a report of each 
iccident* Thus all the points which have been found 
i^aluable in the settlement of other claims may be in- 
jorporated in the report, and the responsibility of the 
lompany more accurately determined. 




KEEPING THE TIME OF SHOPMEN. 

An all important feature in the supervision of the 
iffairs of the Motive Power Department is the keeping 
jf and apportioning the time of the employes at the 
various shops and roundhouses, and accounting there- 
'or. Reasonable safeguards must be enforced — both 
:o secure to the employe the amounts due him, and to 
nsure the company against loss. 

In addition to the correct lieeping of the account of 
:he company with each employe, his wages must be 
:harged to the thing upon which he is engaged: if re- 
Dairing locomotive number 100, his wages while so 
employed should be charged to the repairs of that 
mgine; if engaged in the manufacture of material for 
store, the expense should be charged to the cost of such 
■naterial, and so on. 

•M. P. Form 96, Appendix. 
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Therefore upon the completion of each day's work, 
every employe is required to make a statement of the 
total number of hours worked by him during the day, 
and the distribution thereof, showing the number of 
hours chargeable to each thing worked upon. (See 
M. P. Form 58, Appendix.) This report forms the 
basis for the subsequent accounting required to accom- 
plish the above results. The distribution slips are 
handed to the foreman or deposited in a box provided 
for that purpose. After being examined by the fore- 
man and all errors corrected, his approval is noted on 
each slip. They are then sent to the timekeeper for 
entry in the time-book. 

At large shops where the volume of such work justi- 
fies it, a separate form is used in reporting the time of 
employes engaged in the manufacture of material for 
stock (Form 104). These may be printed on colored 
paper, so as to distinguish them from the other time 
sHps. They can then be readily sorted, and, after the 
time is entered in the time-book, given to the cost- 
clerk, to be used in computing the cost of the material 
manufactured. 

AVhen employes are engaged on "piece-work," their 
pay being based on the amount of work done, a report 
(Form 102) showing the number of pieces completed 
should be made by the foreman in charge of the work. 
After being approved by the general foreman, or other 
person in charge, these reports should be forwarded to 
the timekeeper. To aid in distinguishing them from 
the other time slips, they should be of a different shape 
or size, or printed on different colored paper. 

Upon receipt of the time slips, properly approved, 
the timekeeper should enter them in the time-book 
(Form 97), crediting the employe with the total num- 
ber of hours worked by him, and charging same to the 
various accounts for which the expense is incurred. 
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hX the close of the month the total time worked and 
wages due each man are computed; also the amounts 
charged to the various accounts. The sum of the dis- 
tribution should equal the total wages due the em* 
ploye, and by balancing the several accounts in this 
manner errors made in entering the total time or the 
details thereof may be found and corrected. From the 
time-book the pay roll is written, and the distribution 
of the charges to the various accounts made. 

The time-book used by the foremen in keeping the 
time of men at less important points, where there is no 
separate timekeeper, is made up of loose sheets, the 
required number of pages being bound together at the 
commencement of the month in covers provided for 
this purpose. This enables the person making the pay 
roll for several such shops to bind the different time- 
books together in one book, making a convenient 
record. The total time worked by each employe and 
the distribution thereof should be entered in the time- 
book each day by the foreman. At the close of the 
month the total amount due each man is summed up; 
also the total amounts charged to each of the accounts 
named. The book is then certified to by the foreman, 
and forwarded promptly to the proper official, who will 
enter the time on the pay roll and charge the labor to 
the proper accounts in his distribution book{Form 106). 



Note. — Aa the methods pursued in keeping the time of employes 
and Tendering returns thereof relate more particulariy to Disourse- 
mente, they are treated of in another volume of the '-Science of 



ORDERING MATERIAL. 



Experience has demonstrated that the most economi- 
cal method of handling a company's material and sup- 
plies is to keep the principal stock at a general store- 
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house — confining the stores at the shops and other 
points along the line to absolute needs. Thus effect- 
ive supervision is promoted, and economy enforced in 
the receiving, checking, handling and watching of 
supplies. 

Whenever it is necessary to order material for use at 
shops or elsewhere, a requisition should be made on the 
general storekeeper, or other official in charge of the 
principal storehouse. Such requisition should specify 
where the material is to be used, and each item should 
be accurately described, so as to avoid errors in ship- 
ping the material. In addition to specifying the quan- 
tity wanted, the requisition should show the quantity 
then on hand, and the amount ordered on previous 
requisitions but not yet received. This information 
will enable the approving officer to see whether the 
order is excessive. To save clerical labor, the requi- 
sition is written in triplicate (by the use of carbon 
sheets), the original or first copy being sent, after 
approval, to the official on whom it is drawn; the sec- 
ond, to the person who is to receive the material, and 
the third retained for a record by the maker.* To 
avoid the labor of transcribing the items in invoicing 
th(^ material shipped to the local storekeeper, the 
original copy is also used as an invoice, an impression 
copy of same being retained by the official filling the 
requisition. 



No material should be delivered to shopmen by the 
storekeeper except upon written orders signed by the 
foreman. Such orders should be restricted to imme- 
diate needs — the stock being kept in the storehouse 
where it can be more effectively guarded. In order 
that all material used at shops may be charged by the 
Ftorekeeper to the proper accounts, the foreman is 

*M. r. Forms 98, 99 and 100, Appendix 
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required to specify for what purpose the material is to 
be used. 

Orders for material to be used in the manufacture of 
articles at shops may be printed on colored paper, so 
as to distinguish them from the orders for material 
used for other purposes, if the volume of such business 
warrants it. As the orders form the basis for writing 
up the accounts, columns are provided in the form so 
that the storekeeper may enter thereon the weight, 
price and amount. (See M. P. Form 101, Appendix.) 



Material in store is charged to the storekeeper or 
other person responsible for its safekeeping and dift- 
bursement. As the material is used, the storekeeper 
records the distribution thereof, entering under such 
headings as may be prescribed by the officer in charge 
of the accounts the various items of material charge- 
able to each, Tliese returns are written up from day 
to day, ai the disbursements are made^ and at the end 
of the month the amounts are summed up and the 
totals chargeable to the various accounts recapitulated. 
When completed the distribution book is sent to the 
proper officer, by whom the items are audited, and 
afterwards the amounts placed to the debit of the 
respective accounts, and the storekeeper credited with 
the gross amount disbursed by him. 

Loose sheets are provided for reporting the dis- 
tribution of material used and labor performed (M. P. 
Forms 105 and 106, Appendix), in order that the person 
making the returns may take an impression copy 
thereof for his office record before forwarding the origi- 
nal to headquarters. These sheets are eyeletted, and 
.sliould be bound together in book form after being 
Lopied, suitable covers being provided for this purpose. 
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TONNAGE HAULED BY ENGINEERS. 

Finally the work performed by engines, as repre- 
sented by the gross tonnage hauled — and the distance 
hauled — is all important in scrutinizing the operations 
of locomotives. This information is obtained from the 
train reports of conductors, a separate account being 
kept at headquarters with each engineer. At the close 
of each month the official in charge of these accounts 
sends to the Master Mechanics and other interested 
officials a summary showing the number of tons hauled 
one mile by each engineer during the month, and such 
other information relating thereto as may be required. 
(See M. P. Form 107, Appendix.) 



Note. — As the practices connected with the handling of ma- 
terial supplies and the accounts connected therewith, refer more 
particularly to Disbursements, the reader is referred to the volume 
of the ** Science of Railways" treating more particularly of 



such matters. 



CHAPTER IV. 
Locomotive and Train Mileage. 

Information regarding locomotive mileage is of 
great value in many ways, but chiefly for ascertaining 
the relative economy exercised. For this purpose 
exhibits are prepared which show the average outlay 
■per mile run by locomotives for wages of engineers, 
firemen, locomotive wipers, hostlers, and laborers at 
roundhouses; cost of repairs (material and labor being 
shown separately), supplies — such as tools and cab 
furniture — quantity and cost of fuel; quantities and 
cost of oil and waste, etc., etc. The statistics should 
show (as specified), the average number of pounds of 
coal, pints of lubricating oil, pounds of waste, and 
average train tonnage hauled, per mile run. These 
returns are commonly embraced in what is called 
the performance sheets of locomotives. 

The use made of data regarding locomotive 
mileage varies on different roads; nor is uniformity 
observed in classifying the serviee. Because of this, 
and to facilitate comparisons, it has been suggested 
that the mileage of locomotives should be reported 
under the following specific heads: 

Passenger locomotive mileage. 

Freight locomotive mileage. 

Mixed train locomotive mileage. 

Helping locomotive mileage. 

Light locomotive mileage. 

Switching locomotive mileage. 

Work locomotive mileage. 

There can be no objection to this classification being 
further subdivided to meet the preferences of pai^ 
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ticular roads — provided such subdivisions may finally 
be consolidated under the heads named above. 

Passenger locomotive mileage embraces revenue 
passenger train mileage, as hereinafter defined, and the 
mileage of non-revenue trains of the passenger class, 
such as pay trains, official trains, complimentary 
trains, employes' trains, etc. 

Freight locomotive mileage embraces revenue freight 
train mileage, not including the mileage of trains con- 
sisting of only a locomotive and caboose * 'running 
light/ ^ It also includes the mileage of non-revenue 
freight trains, such as trains hauling company ma- 
terial and supplies. 

Mixed train locomotive mileage embraces revenue 
mixed train mileage. 

Helping locomotive mileage embraces the mileage 
of locomotives while pushing, double-heading or other- 
wise assisting trains of all classes. It also includes 
the additional loaded mileage made in doubling hills. 
It is subdivided into four classes, according to the 
nature of the service, each of which should be sep- 
arately reported, viz.: helping passenger trains, help- 
ing freight trains, helping mixed trains, and helping 
non-revenue trains. 

Light locomotive mileage embraces that made by 
locomotives running '*light,''as whennmningfor water 
or fuel; running to or from the roundhouse, shops, or 
trains; running light after pushing, double-heading, or 
in any similar way assisting passenger, freight, mixed 
or non-revenue trains; and light mileage made in 
doubling hills. It also includes the mileage of loco- 
motives when running with only a caboose car at- 
tached. 

Switching locomotive mileage embraces all loaded 
or light mileage made in switching cars, except shop 
or work switching. 

Work locomotive mileage embraces the mileage of 
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locomotives engaged in hauling work trains, such as 
gravel, ballast, construction, wrecking and repair 
trains, snow plows and flaiLgers; also the mileage of i 
locomotives employed in shop or work switching. | 



The rules governing the computation of locomotive 
mileage are generally as follows: 

The mileage of locomotives eogo^ed in hauling 
trains — except helping mileage and work train mileage — 
should be based on the actual distance run between 
terminals, to be computed from the official time-table, 
as hereinafter prescribed for train mileage. 

Helping and liglit mileage of locomotives should bo J 
based on the actual distance run while helping trains -1 
or running light, as the case may be. 

Switching locomotive mileage is computed at an 
arbitrary rate of six miles per hour for the actual 
time while engaged in such service (or such other 
basis as may be determined from time to time.) 
Mileage for switching and other work done incidentally 
enroute at way stations is not generally allowed, except 
in the case of locomotives of local freight trains when 
employed in switching for one hour or more at a sta- 
tion — in which case they are allowed switching mileage 
at the rate of six miles per hour for the actual time so 
employed. No allowance is usually made when the 
time thus engaged is for less than one hour at any par- 
ticular station. 

Work locomotive mileage is arrived at in the same 
manner as prescribed for work train mileage. 
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While usages differ in regard to the classification ol 
locomotive mileage on different roads, nevertheless 
there is practical unanimity in reference to what con- 
stitutes the different classes of service, viz. : passenger, 
freight, switching and work. But there is nothing so 
fixed or necessarily arbitrary in connection with the 
matter as to enforce particular methods, whether or no. 

If for any reason it is desierd to consolidate the dif- 
ferent classes of locomotive milteage so as to show only 
the four kinds of service as named above, the foUow- 
ing classification has been suggested: 

Passenger mileage to include passenger locomotive 
mileage; a proportion of the mixed train locomotive 
mileage, based on the work performed; the mileage 
of locomotives helping passenger trains; and, finally, 
the light mileage made by locomotives on account of 
passenger service. 

Freight mileage to include freight locomotive mile- 
age; a proportion of the mixed train locomotive 
mileage, based on the work performed; the mileage of 
locomotives engaged in helping freight trains; and, 
last, the light mileage made by locomotives on accoimt 
of freight service. 

Switching and work mileage should include the 
switching locomotive mileage and the work locomo- 
tive mileage as previously defined. 




supervision^ of locomotives. 

Train Mileage. 

The following classification of train mileage, it is 
of course to be understood, may be further subdivided 
or extended to meet the preferences or special needs of a 
company; but no change is advisable that will prevent 
the ready compilation of the statistics required under 
the general heads prescribed by the government for 
the use of railroad companies m making their returns. 

The subdivisions as given below represent the ideas 
of experts upon the subject, and will, generally, 
be found sufficient for all practical uses. For ex- 
planatory purposes here, a "train" may be defmed 
as consisting of one or more cars coupled together, 
drawn by a locomotive, running between specified 
terminal points in accordance with an authorized 
schedule or time table, or under special orders from 
the operating officials of a company. 

Each train and each section of a train operated by a 
separate train crew, is considered a separate train, 
whether hauled by one or more locomotives, either 
for the whole or only a part of the distance between 
the terminal stations. 

Train mileage is divided into two general classes: 
revenue train mileage, which includes the mileage of all 
trains from the operation of which the company re- 
ceives an income — directly or indirectly; and noii- 
revenue. train mileage, which includes the mileage of 
all trains operated by the company from which no 
income is derived. 

Revenue train mileage is subdivided into passenger 
train mileage, freight train mileage, and mixed train 
mileage. These may be defined in detail as follows: 

Passenger train mileage embraces the mileage of 
trains run to transport revenue-earning passengers, 
and to carry baggage, mail, express matter, and other 
traffic classed as passenger business — not including 
any trains which regularly include one or more cars 
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devoted exclusively or principally to carrying revenue- 
earning freight. 

Freight train mileage embraces the mileage of trains 
run to transport revenue-earning freight — excluding 
all trains which regularly include one or more cars 
devoted exclusively or principally to revenue passenger 
business. It also includes the mileage of trains of 
empty freight cars, or of trains running light — i. €., 
consisting of a locomotive and caboose. 

Note. — When milk cars are hauled in a passenger train, the 
mileage of the trdin is, for convenience, generally embraced under 
the head of passenger train mileage. When milk or express cars 
are hauled in a freight train (and their earnings are classed as 
freight earnings) the mileage of the train is similany included under 
the head of freight train mileage. 

Mixed train mileage embraces that of trains carrying 
both revenue passengers and revenue freight — each 
car being exclusively or principally devoted to either 
passenger business or freight business. Freight trains 
that haul no passenger cars, but transport passengers 
in caboose or way cars, are not called mixed trains, 
but their mileage is included under the' head of freight 
train mileage. 

Non-revenue train mileage embraces the mileage 
of trains not directly connected with the earning of 
revenue, such as pay trains, official . trains, compli- 
mentary special trains, trains run to convey employes; 
trains hauling the company's material and supplies 
gravel, ballast, construction, wrecking and repair 
trains, snow plows and dangers and so on. As a rule 
the mileage of non-revenue trains is not kept separate 
as to the classes named above, but given in gross under 
the general head of non-revenue train mileage. 

Note. — Revenue passenger trains and revenue mixed trains may 
incidentally carry private or official cars, work or service cars, or 
cars of related classes, for which no charge is made; and similarly, 
nn-enue freight trains and revenue mixed trains may incidentally 
carry cars containing railway material and supplies, or other freight 
not earning rev(mue; bu': only whole trains of such non-paying cslts 
should be regarded as non-revenue trains and classed accordingly. 
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The mileage made in switching trains and cars ia not 
properly included under the head of train mileage. 
Such statistics should be reported under the head of 
"switching locomotive mileage," defined elsewhere. 

In computing revenue train mileage the mileage 
allowed is based on the actual distance run between 
terminals, as shown by the official time table. There 
should be nothing added to this distance to cover 
switching or other work at way stations, or for service 
of helper or pusher engines, or extra engines on double 
or triple head trains, or for any distance run by the 
engine in excess of that run by the train, such as the 
distance from the round house to the train terminal, 
- doublmg hills, r unnin g for fuel or water, etc. 

The same rule is observed in computing mileage of 
passengers and tons of freight, and car mileage. 

The mileage of non-revenue trains should be based 
on the actual distance run between terminals, the 
same as directed for revenue trains. When work 
trains are run between terminals and do not work at 
some specified point or within specified limits, they 
are allowed the actual mileage made, the same as 
other trains. When run to a certain point for the 
purpose of working at that point or within specified 
limits, they should be allowed the actual mileage made 
under running orders, and in addition an arbitrary 
mileage of six miles per hour (or whatever may be 
agreed upon), for the time they actually work at the 
point designated or within the working limits specified. 

From the foregoing it will be seen that train mileage 
takes no account of the gross work done, such as the 
number of cars moved, passengers carried, or tonnage 
hauled. A train is a train — whether long or short, 
heavy or light; and it is for this reason that train 
mileage figures alone are in themselves ot no great 
value. 
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But when used in conjunction with other returns, 
operating efficiency may in a measure be determined; 
such statistics being of value to the officers of a com- 
pany in the supervision of the movement of traffic, etc., 
etc. 

For example, the expense of nmning a light train is 
proportionately greater than the expense of operating 
a heavier train — taking into consideration the relative 
tonnage moved — because many of the expenses in- 
curred in connection with the movement of a train 
are practically the same, regardless of the gross tonnage 
handled. The expense for wages of enginemen and 
train crew, the cost of the supervision of a train's 
movement over the road, the expense of looking after 
and caring for the engine at terminal points, the main- 
tenance of the roadway, and so on, — all large items of 
expense — are not increased in proportion with an in- 
crease in the load hauled by a train. If, therefore, 
the number of loaded freight cars hauled per train 
mile — the gross tonnage of revenue freight moved per 
train mile — can be increased, the earning power of the 
road is thereby heightened; and it is in determining 
what has been accomplished along such lines that loco- 
motive and train mileage statistics are of value. 

Note. — In another volume relating to Cars, a classification 
is made of statistics found to be of practical value, sucti as the 
mileage of trains, the cars they haul, the loads they carry, etc. 




CHAPTER V. 

FORMS AND EXHIBITS USED IN THE SUPERVISION OF 
LOCOMOTIVES, 

The value of these in connection with the motive 
power department cannot be overestimated, for 
through them those responsible for the conduct of 
business are not only able" to direct operations over a 
wide territory, from hour to hour, intelligently, but 
afterwards to sum up the results secured. These results 
are judged according to attainable standards of work, 
through comparisons and otherwise, and commenda- 
tion or reproof are based thereon. It will I 
therefore, that they are of inestimable value and that, 
without them, there could be neither effective super- 
vision nor intelligent co-operation. It is apparent, 
therefore, that they should be minute and exhaustive, 
and should be faithfully made and intelligently studied 
by those concerned. Through them every phase of 
the service is discerned, including the placing of loco- 
motives and knowledge of their needs and perform- 
ances. 

No one can study the returns and exhibits of rail- 
way operations without being impressed with their 
necessity and great value in practical operations. To 
searchers after knowledge they not only afford insight 
into the workings of the great departments, but have 
additional value in the things they suggest. 

The returns and exhibits embodied herein, measur- 
ably represent the needs of tho.se in charge of loco- 
motives. They have been of slow growth and portray 
the evolution of the service in this respect. For, at 
one time, there may be said to have been neither re- 
turns nor exhibits of any kind regarding the working 
of locomotives. That was in the beginning when chaos 
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reigned, compared to the systematic supervision and 
(fischarge of business exercised at the present moment. 

It is probable that these forms and exhibits repre- 
sent but a phase of growth; that with time and greater 
knowledge and experience they will be bettered and 
others added. This is the experience of every great 
and growing business. What seems perfect today is 
found to be deficient in some respect tomorrow. That 
is because men are wiser today than they were yester- 
day. However, so far as these forms go, they are in- 
tended to furnish those in charge such data as is es- 
teemed necessary to enable them to judge quickly and 
intelligently of what is going on, and of what the service 
needs. Through them and by comparisons, waste, im- 
providence and ineffective service are discerned and 
remedied. And it is not too much to say that it is 
through them that economy in the use of fuel, oil, 
waste and the working and repair of engines are more 
clearly traced and waste corrected, than through any 
other medium of information or advice attainable by 
those in charge. 

Specific knowledge is all important when we remem- 
ber how imperfect the locomotive is and how compli- 
cated are its workings, notwithstanding all the im- 
provements that have been made in its construction 
and working. Because of this and their extended and 
widely separated use, carefully organized supervision 
is necessary to their effective working. It is not only 
necessary when anything is wrong in connection with 
their operation that it should be known, but that it 
should be known quickly if ineffective service and ex- 
travagance are to be prevented. 

The transfer of engines from one part of a road to 
another is of constant occurrence, and effective service 
from the standpoint of profit and public accommoda- 
tion is secured, or otherwise, through the intelligent 
action and celerity exercised by those in charge. The 
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eources of information at the disposition of the motive' 
power department are such as to secure such action, 
and, in making transfers, to do so at the least possible 
inconvenience and cost to the service. Thus, among 
the returns, will be found thoae stating the location of 
locomotives; their condition; locomotives in " 
when repairs on particular locomotives will be com- 
pleted; those available for service, etc. 

Another feature is the immediate information certi- 
fied to those in charge, of engine failures, whereby 
trains are delayed or danger incurred or threatened. 
And as there are innumerable causes for such failures 
each must be carefully scrutinized. As aids in this 
direction, returns are required specifically stating the 
cause of failure; the engineers' report of delays; the 
causes thereof, and such attendant and supernume- 
rary returns as a proper understanding of the subject 
requires. From the reports of engine failures, those in 
charge are able to determine with approximate accu- 
racy whether failures are due to defects in the machine, 
or lack of skill or care upon the part of those in charge. 
If due to the machine the break-down is not only of 
interest in itself, but suggestive in regard to appliances 
of like nature in other machines; and so valuable 
knowledge is oftentimes gained through these returns 
of break-downs. If, on the other hand, they are due 
to neglect or ignorance upon the part of those in charge, 
knowledge of the fact is valuable because of the cm-- 
ative discipline necessary to prevent a recurrence of the 
accident. 

Another exhibit of special importance recounts the 
performance of locomotives. Through these repairs 
made, amount of work done and cost thereof and the 
relative economy exercised, are a.scertained. At one 
time — and, indeed, measurably so now — comparisons 
were based on the mileage of engines. This, how- 
ever, has been supplemented by comparisons on 
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the load hauled, which more nearly portrays the work 
done and, therefore, more fairly represents value re- 
ceived. Statistics of the performance of locomotives 
(and consequently of trains), it may be said, tend 
more and more with the mangement of railroads, to 
comparisons based on the paying load hauled; what 
is termed the ton mile basis in the case of freight. 
Thus the management is kept advised as to whether 
cars are fully loaded and the full complement hauled 
in trains. However, from the standpoint of motive 
power officials, statistics showing the total weight 
haul(Hl — dead and paying — is all important in judging 
of the relative cost of operating engines. The motive 
pow(T department is not responsible for the number 
or freciuency of trains, nor for neglect or inability of 
operating officials to fully load cars. Its objective 
point or basis of comparison is the gross load hauled, 
and on this basis judgment is formed. The motive 
power department, it may be said, not only knows the 
work each engine performs and items of cost, but 
how one division of the line compares with another in 
this respect, and so on. Thus, through these and 
siniilar exhibits, every one is stimulated to make the 
best showing possible; to get all out of the locomotive 
that can be achieved through intelligent effort in load- 
ing and handling cars, and finally, in the economical 
working of the power used in doing the business. 

In order to further effective supervision of locomo- 
tives it is found useful to keep specific accoimts with 
each engine, viz.. mileage, fuel, oil, waste, tallow, en- 
gine supplies (and tools), cost of material used in re- 
pairs, cost of labor including superintendence, time 
and mileage record of wheels under locomotives, time 
and mileage record of steel tires on engine truck 
wheels*, and finally, the tonnage hauled. This last is 

*ln many cases, manufacturers of locomotive wheels and steel 
tin^s (and other kinds of wheels in some cases), guarantee that they 
will make certain mileage. Record must therefore be kept in or- 
der to enforce terms of guarantee if wheels fail. 
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all important, for it forms to a oertain extent, the 
basis of determining relative skill and economy exer- 
cised by engineers ;and, to pursue the inquiry further, 
the relative expenses of engines — as specified above. 
To particularize, the sources of information that the 
accompanying returns point out are not only explicit, 
but suggest other and special lines of inquiry. Medi- 
ums of information may be multiplied almost inde- 
finitely; those in charge will ever wish to know the 
whys and wherefores concerning all things affecting 
cost or efficiency of service. Averages will not suffice; 
they will wish to analyze and multiply their sources of 
information to the utmost. Thus many will not only 
require to know the tonnage hauled and the cost there- 
of, but the expenditure of forces involved. They will 
require to know daily or periodically the number of 
locomotives of eacb class in service (passenger, freight, 
switching, etc.), the gross quantities of fuel consumed 
— as well as the cost thereof — by each class of service; 
the number of pounds of fuel consumed- per engine 
mile; the number of pounds of fuel consumed per car 
mile; the gross quantities consumed— as well as the 
cost— of valve, engine and car oil used on locomotives, 
and the quantity and cost thereof per mile run; the 
total number of pounds — as well as the cost — of waste 
used, and the quantity and cost thereof per mile run; 
the cost of engine service (including enginemen, rounii 
house men and engine supplies) per mile run; similarly 
the cost of engine service per car mile; the cost of re- 
pairs of engines (separately for material and labor) per 
mile run ; the cost of repairs of engines (separately for 
material and labor) per car mile; the gross tonnage 
moved by locomotives. Not only will those respon- 
sible for locomotives desire to know all this in regard 
to cost per mile run by locomotives and per car mile, 
but as I have already explained they will also wish to 
know what the expenditure of material and cost of 
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labor are on the basis of tons hauled one mile— 
for passenger and freight service separately. 

Information of this nature, in addition to that 
referred to elsewhere herein, directly or indi- 
rectly, will suggest itself as being valuable— if 
not al)solutely necessary — to many having charge 
of the supervisory w ork of locomotives. No two 
men — it is probable — w ill place the same value 
on data of this and similar nature. Each will en- 
force, for permanent use or temporary expedi- 
ency, such means of enlightenment as he can use 
advantageously or as the temporary exigencies 
of the service point out. And in this connection 
they will always consider the cost of the infor- 
mation — the clerical labor and expense it involves 
— in connection with its value, when obtained. 

Effort has l)een taken in arranging the forms 
and exhil>its which follow, not only to explain 
the purpose that each is intended to conserve, 
))ut also every necessary particular in regard to 
how the exhibit should be made and what it 
should contain. These directions, in fact, are so 
ex])licit that in the majority of cases it will not 
need loii^ or technical experience to understand 
and coin})ile them. Like accounts generally, if 
properly compiled, they have only to be studied 
to ])e understood. This last cannot be too strongly 
impressed on those who w^ould keep themselves 
advised in regard to details of railway operations. 
Men often complain that they cannot understand 
accounts. This does not arise from lack of intel- 
ligence but from indisposition to study the ac- 
counts attentively. For there is nothing done by 
man that is so clear as accounts when thus stud- 
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ed. Nor, indeed, that furnish more valuable and 
leeded information in the case of great and 
widely extended properties. 

In regard to the forms and returns of a statis- 
tical nature, or those used for other purposes of 
Locomotive Supervision, no two roads, it is prob- 
ible, will conform exactly to each other, either 
in the number or character of the exhibits. 
Wherever thoroughness is observed, however, 
they will be generally similar. The number and 
complexity (and oftentimes general similarity) 
of the returns will confuse and perplex the nov- 
ice; to him they will very likely have the appear- 
ance of exaggeration, or, it may be, duplication 
of work. This, however, is only apparent when 
the situation and its needs are considered. Every- 
one who is responsible for locomotives must be 
kept advised in regard to the same in order that 
he may perform his duties effectively; or, in the 
event he neglects to do so, that the omission may 
be noticed and corrected. Thus, the foreman of 
a shop must have certain information, we will 
say, in regard to a particular phase of locomotive 
business; the master mechanic of that group of 
shops must also have information of a like nature, 
but differing in some respect; then the Superin- 
tendent of Motive Power and Machinery must 
also be advised in regard to the matter, not only 
for that particular shop but for the division, and 
for the whole road. Moreover, the General Man- 
ager or other operating official also requires spe- 
cific information in regard to many things in 
order that his supervision of affairs may be ef- 
fective. Thus, there will be four or more officials 
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to be advised of occurrences, but no two, perhaps, 
requiring exactly the same details. And so, re- 
turns and exhibits must always be multiplied to 
conform to the many and varied requirements of 
those responsible for operations. And it may be 
truly said that the greater the knowledge and 
means of enlightenment and supervisory methods 
that responsible officials are acquainted with the 
more efficient and economical will be the conduct 
of the service — provided they make use of their 
knowledge. And because this is so* grave inter- 
est and value attach to the accompanying exhib- 
its, Avhich may seem so multiplied and perplexing 
to the casual examiner 




CHAPTER VT. 



LIBT OF FORMS AND EXHIBITS. SPECIFIC BLANKS. 

Note. — In estimating- the usefulness of these forms 
the particular official directed herein to make the re- 
turn or receive it is unimportant. The organiztition 
of no two roads will agree, throughout, in respect to 
such matters. Thus, returns that are made by the 
division superintendent on one road may be made by 
the train dispatcher, master mechanic, or foreman of 
another; and this is equally true of the officials to 
whom returns are rendered. Such matters conform 
to environment; to whatever form of organization is 
thought best. It is the return itself that is interest- 
ing ajid important. 

No.' 

1. Foreman's weekly report to the Masttr Mechanic of locomo- 

tive boilers wasned out. 

2. Master Mechanic' <i weekly report to Superintendent of Mo- 

tive Power and Machinery of the location of locomo- 



engine on hia division. 
Monthly record of the Superintendent of Motive Power and 

Machinery of condition of each engine on each division. 
Monthly record of the Superintendent of Motive Power and 

Machinery of the condition of the different classes of 

enmnes on ea^h division. 
Master Mechanic's report of repairs made on particular en- 

10, 11. Shop Foreman's report t« his superior of repairs on 
particular engines. 
Master Mechanic's report of cost of repairs on particular en- 
gines. 
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No 

13. Master Mechanic's monthly summary to the Sui)ermteDdent 

of Motive Power and Machinery in regard to heavy re- 
pairs made on engines. 

14. Foreman's weekly report of Locomotives in shop. 

15. Definition of what constitutes engine failures. 

16. Train Dispatcher's daily report of engine failures. 

17. Engineer's report to Master Mechanic of delays on each trip. 

18. Master Mechanic's ten days report to the Superintendent of 

Motive Power and Machinery of engine failures. 

19. Monthly record of the Superintendent of Motive Power and 

Machinery of particulars (cause) of engine failures om 
each day of the month. 

20. Monthly summary of the Superintendent of Motive Power 

and Machinery of cause of engine failures on each divi- 
sion. 

21. liocomotive Engineer's trip report of time worked. 

22. Train Dispatcher's daily record of train movements. 

23. Engineer's daily report of switching time. 

24. Agent's report of time worked by switch yard crews. 

25. Engineer's monthly report of time worked. 

26. Division time book of Locomotive Engineers giving particu- 

lars of the service of each. 

27. Engine house register. 

28. Storekeeper's monthly report to the Suj)erintendent of Mo- 

tive Power and Machinery of delayed and over time 
allowed engineers and firemen. 

29. Monthly record of the Superintendent of Motive Power and 

Machinery of the gross cost of delayed and over time 
on each division. 

30. Monthly statement of locomotive mileage on each division. 

31. Monthly report of locomotive mileage (classified) of each en- 

gine. 

32. Monthly record of the mileage of each engine. 

33. Monthly report of particulars of cost of repairs of each loco- 

motive. 

34. Monthly record of repairs on each locomotive. 

35. Monthly report for the Superintendent of Motive Power and 

Machinery of the miles run and cost of repairs of each 
engine. 

36. Monthly report for Division Master Mechanic of mileage and 

cost of repairs of each locomotive on his division. 

37. Record of mileage (classified) and cost of repairs of each loco- 

motive. 

38. Form of coal tickets used on engines. 

39. Monthly report of fuel delivered at each point to locomotives. 

40. Monthly summary of fuel delivered to locomotives. 

41. Form of oil and waste tickets used on engines. 

42. Monthly report of total amount ot oil and waste delivered 

to locomotives on each division. 

43. Round House Foreman's monthly repK)rt of the number ot 

engines wiped daily. 
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45. Locomotive Report — parlieulars of service and cost fi 

pairs, supplies ajid labor. 

46. Foreiaan'a montbly report to Master Mechanic of cast 

truck and tender wheels applied to aiid removed from 
locomotives. 

47. Monthly record of Superintendent of Motive Power and 

Machinery of particulars of each defective cast i — 
engine and tender wheel removed. 

48. Monthly summary of the Superintendent of Motive Power 

and Machinery of the gross number of defective cast 
iron locomotive wheels removed, made by different 
uianufacturers. 

49. Monthlj" report of the Superintendent of Motive Power and ^ 

Machinery to the Purchasing Agent of defective cast 
iron wheels removed from locomotives and by whom 

50. Monthly report of the Superintendent of Motive Power and 

Machinery of wheels that have failed to meet guaran- 
tees of makers. 

51. Record of the Superintendent of Motive Power and Machinery 

of engine truck and tender wheels applied to and re- 
inovcd from each locomotive. 

52. Shop Foreman's monthly_ report to the Master Mechanic of 

particulars of steel tired engine truck and tender wheels 
applied to or removed from locomotives. 
i>3. Index to record of steel tired engine truck wheels. 

54. Record of Superintendent of Motive Power and Machinery 

of steel tires on engine truck wheels. 

55. Monthly report to the Superintendent of Motive Power and 

Machinery of engine drivii^ wheel tires applied and re- 

56. Index to driving wheel tire record. 

57. Record of Superintendent of Motive Power and Machinery 

of driving wheel tires. 

58. Daily report of distribution of shop labor of each man. 

59. Master Mechanic's monthly statement to Superintendent of 

Motive Power and Machinery of comparative cost of 

60. Shop Foreman's monthly reportto Master Mechanic of num- 

ber of men of each class of labor employed during th.- 
month and wages paid. 

61. Master Mechanic's monthly report to Superintendent of Mo- 

tive Power and Machinery of the total number of iiifti 
of each class of labor employed on his division during 
the month and wages paid. 



114 THE SCIENCE OF RAILWAYS. 

No. 

62. Summary made by Superintendent of Motive Power and 

Machinery for the General Manager of the total num- 
ber of men of each class of labor and wages paid on 
whole road. 
Inspector's reports (as per diagrams) of locomotive break- 
ages of dififerent parts as specified in Returns 63 to 78. 

63. Pilot coupler. 

64. Plate coupler. 

65. Master car builder's coupler. (M. C. B.) 

66. Axle. 

67. Driving box and brass. 

68. Cylinder heads. 

69. Equalizer. Equalizer Stand. Spring Hangers. 

70. Eccentric, eccentric strap, eccentric rod. 

71. Side rod, main rod and rod strap. 

72. Piston and piston rods. 

73. Valves, valve yokes and rocker shaft. 

74. Cross heads, 

75. Crank pins. 

76. Broken stay-bolts. 

77. Miscellaneous, used where diagram return is not provided. 

78. Condition of locomotive boiler. 

79. Inspector's record of inspection of stationary and locomotive 

fire-box stay-bolts. 

80. Inspector's monthly report of inspection of stationary and 

locomotive fire-box stay-bolts. 

81. Inspector's report of periodical inspection of stationary boil- 

ers. 

82. Inspector's report of inspection of air and steam gauges and 

safety valves. 

83. Inspector's report of changes and repairs of stationary boilers. 

84. Shop Foreman's report to Master Mechanic of valve motion 

of engines. 

85. Monthly report of each engineer's service, viz.: Total miles 

run by locomotives under his charge, tons hauled and 
fuel consumed. 

86. Statement of mileage made by each engineer to pint of lubri- 

cating oil. 

87. Master Mechanic's report to Superintendent of Motive Power 

and Machinery of condition of tools and machinery. 

88. Form of application made by those seeking employment on 

engines. 

89. Master Mechanic's notice of vacancies in runs and service. 

90. Notice of Superintendent of Motive Power and Machinery 

of those authorized to operate locomotives. 

91. Form of release to be signed by minors and their l^al guar- 

dians. 

92. Certificate given on completion of apprenticeship. 

93. Master Mechanic's weekly report to Superintendent of Motive 

Power and Machinery of average terminal delays 
of freight engines and the cause therefor. 
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Engineer's requiaition for auppliea. 

Engineer's report to Round House Foreman of condition of 

engines at end of eacli trip. 
Engineer's report to Master Mechanic ot particulars of Btock 

killed or injured. 
General time book of particulars of hours worked by each 

man, rat« of pay, wages and on what labor was eKpeoded. 
Requisition for and invoice of material. 
Notice of material ordered. 
Record of material ordered. 
Shop order for material. 

Report of piece work peri'ormed by each employe. 
Form of application for employment in shop. 
Daily distribution of labor (or manufactured' material work. 
Distribution blank for material used. 
DistributioQ blank for labor performed. 
Monthly Statement of the tonnage haul of engineers and 

ftvenge ot aumber ot tons hamed per tnua. 
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APPENDIX. 
MOTIVE POWER DEPARTMENT FORMS. 
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SUPERVISION OF LOCOMOTIVES. 

M. P. Form 1 
FOREMAN'S WEEKLY REPORT TO THE MASTER ME- 
CHAHIO OF LOCOMOTIVE BOILERS WASHED OUT. , 
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WEEKLY REPORT BY THE STTPEeiNTENDENT OF H 

MOTIVE POWER AND MACHINERY TO INTERESTED ^M 

OFFICIALS, OF THE TOTAL NUMBER OF ■ 

LOCOMOTIVES OF EACH CLASS ON H 

THE DIFFERENT DIVISIONS. ■ 


NOTE-ThlB exhibit Is m&do on Monday of each week In Ihe olEoe of ^| 

enBtneslD the different kinds ot service on each dirJslOQ, and tlie Qurobor ^H 
out of seiTlcu for the reasonB mated. ^H 
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BI« P. Fomi 6. 

MONTHLY RECORD OF THE SUPERINTENDENT OF 

MOTIVE POWER AND MACmNERY OF CONDITION 

OF EACH ENGINE ON EACH DIVISION. 



Division. For the month of. 



-19. 



NOTE -This exhibit is compiled monthly in the office of the Super- 
inteDdent of Motive Power aad Machinery from Form 5. It shows the 
number of each engine in the various columns according to the condition 
of the locomotive. 

In the column for vacant numbers, the numbers of the locomotives 
that have been sold, scrappt^d or destroyed should be entered each month 
in the report for the division to which such engines were last assigned ; 
this until such numbers shall have been replacedf. 
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M. P. Form B 
SHOP FOREMAN'S REPORT TO HIS SUPERIOB OF BB- 
PAIRS ON PARTICULAR ENGINES 

En^oB Ii<s~ — 
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M. P. Form 10 
SHOP FOREMA^N'S REPORT TO HIS SUPERIOR OF RE- 
PAIRS ON PARTICULAR ENGINES 



Engine No. 



Date in. 



Date out 



Note. — The numbers shown on this report correspond, so far as they go, 
to those shown on Form 8. For all repairs made to engines where new parts 
are applied the letter "X" should be entered opposite the num.ber correspond- 
ing to the part replaced; for all parts that are repaired the letter "O" shoiUd be 
entered opposite the number. 

This report will be sent to the general foreman, who will enter the sev- 
eral items shown herein, on Form 8. 
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M.P.FormU ^M 


SHOP FOREMAN'S REPORT TO HIS SUPERIOR OF RE- H 
PAIRS ON PARTICULAR ENGINES ^1 


Dat 
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applied. 
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Dppogite the nuraber. ^H 
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DB shown hereio, on Form 8. ^^H 
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SUPERVISION OF LOCOMOTIVES. 

M. F. Form IS 

MASTER MECHANIC'S MONTHLY SUMMARY TO THE 

SUPERINTENDENT OF MOTIVE POWER AND 

MACHINERY IN REGARD TO HEAVY 

REPAIRS MADE ON ENGINES. 

Durmg the month <if 18,... 

McTTE.— This report ia to be made by each Hostar Mt^ohanic sod forwarded' 
to the BuptirintBndtmt ot Motive Power Knd Mttolunery by the fifteenth dw 
of the month. U iibauH state the ontiire nf the work performed on eaob on- 
gine rsoeiving heavy repaJTS at the diffefent shops, and length of time eBoh 
engine ig in the eliop: slw. tbg engines tlist arc undergoing repairs or awaiting 
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FOREMAN'S WEEKLY REPOBT OF LOCOMOTIVES IN S 



-j?^tjilj^5?!£ 






- •'•f^AXT'^,^^£^^.:s^.^^s2^^^^%2^JZlZ. 



ijllliiSllltMlili 


yijiiiiji^ 


UM 


:Tr:it::::: 


1 T 






















UiiiiUnWiUm 


ilijlljiiipijii 




::k:;:;::i:::: 


j 1 








-'~ass~--.st.^-si. 






8 KsHt, 

% SB 
i s-S, 


- 








j»..- 1 






5, DcUyi< when an engine is given f-xeesx iiF 


,nnn«e nnd «>1I. «, 


n. DBlay! (in s^lra dcBri freiaht. Iraina if til 
Ihaa (he mUe» dirided hy ten. 


,e o,- 1. n,»d« in le. 


7. Whenever enitines ore "tEaming iionrly. i 
■.-here liie eosine lia« bera deliy«l na side tnuks 


,r Hti« lealiine, o„ , 
cth«r tbao by def«, 



deiays in eieuiiin Bros and a 



d ■opun', nnd i- tailed for by the Ojierating Depanment, befnn tl 
ae. uf wliieb latter the Operatine Department biu been iafc>nn«L 






eiuiniaK well. 
13. Delay. 



] 



134 



THE SCIENCE OF RAILWAYS. 

M. P. Form 16 

TRAIN DISPATCHER'S DAILY REPORT OF 

ENGINE FAILURES 



.Division. 



Date 



.19. 



Note. — The Train Dispatcher will make four copies of this report, daily, 
and send one copy to each of the following officials: the Greneral Superin- 
tendent, Division Superintendent, Superintendent of Motive Power and Machin- 
ery and Master Mechanic. The cause and particulars of delay as given in this re- 
port must be compared with Form 17. 

Should the Master Mechanic consider an engine failure has been unjustly 
charged he will write to the Division Superintendent stating his reasons and 
send a copy of his letter to the Superintendent of Motive Power and Machin- 
ery. If, upon investigation, the Superintendent finds the fulure has been 
unjustlv charged, he will cancel same using this blank for that purpose, noting 
"cancelled" in the Remarks column, and send a copy of the cancellaton re- 

S>rt to the General Superintendent, Superintedent of Motive Power and 
achinery and Master Mechanic. 
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M. P. Form 18 

MASTER MECHANIC'S TEN DAYS REPORT TO THE 
SUPERINTENDENT OF MOTIVE POWER AND 
MACHINERY OF ENGINE FAILURES. 



On JDivision. 



For the ten days ending 19. 



NoTE. — A report of this form must be made by master mechanics, at the 
end of every ten days, and forwarded to the Superintendent of Motive Power 
and Machinery not later than three days after the termination of the period 
which it covers. 

The first report should include all failures from the first to the tenth day 
inclusive; the second, from the eleventh to the twentieth day inclusive; and 
the third, from the twenty-first to and including the last day of the month. 

It is important that the exact cause of failure be stated in each case. 
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M. F. Fom 3S 

ENGINEER'S REPORT OF SWITCHING TIME. 

NoTK. — When on enKiiw crew iq engaged in q«itablng,a report of thin oluiF- 
Aoter muHt be nisde by thfl engineer at cae close of Che day's servica and for- 
ir&rded to the u^nt (ur persDU in charge at tha point irhere tlie vork w^ per- 
fonoed), vho, aflor approving same, will forward it to the timekcf^er. U 
time is taken for meal, one hour sbould be deducted in aJlowins tbe tuna a* 
Bbown by thin nport. 




To jj'olocV M. 
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M. P. Form 24 

AGENT'S REPORT OF TIME WORKED BY SWITCH 

YARD CREWS. 



At for 24 hours ending .o'clock M. 19— 

Signed 



INSTRUCTIONS:— This report is to be made in triplicate (by the use 
of carbon sheets^ by the agent, yard master or other person in charge of 
the station or yard where switching crews are engaged. 

A copy should be sent daily to the Division Superintendent and 
Storekeeper, and a copy retained as a record by the maker. 

Time Worked bt Enginemen. 



Engine 
No. 



Name of Engineer 



Name of Fireman 



TimeOom- 
menced 
Vork 



Tlm«(hut 
¥ork 



Time 

Takmi f»r 

MmIs 



Total 

lonn 

Worked 



Time Worked by Trainmen. 



Engine 
No. 



Name of Foreman 



Name of Helpers 



TimoOmi- 

menoed 

Work 
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M. P. Form 31 
MONTHLY KEPORT OF LOCOMOTIVE MILEAGE 
(CLASSIFIED) OF EACH ENGINE. 



-Dhasion. 



During the month of 19. 



Note. — This report should be made by division storekeepers (or time- 
keepers), and forwarded to the general storekeeper on or before the twelfth day 
of each month. It should show the total number of miles made in the different 
classes of service by each engine on the division as shown by Form 30. 

Before forwarding the report, the storekeeper must verify it by compar- 
ing same with the total mileage as shown by Form 26. 
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M. P. Fon 



MONTHLY RECORD OP SUPERINTENDENT OF MOTI 
POWER AND MACHINERY OF PARTICULARS OF 
EACH DEFECTIVE CAST IRON ENGINE AND 
TENDER WHEEL REMOVED. 



During the month of. 



.19. 



Sue and kind of wheels... 



Mannfactixred by. 



Note. — This record ia compiled in the office of the Superintenden 
Moti\'e Power and Machinery on the twenty-fifth day of each month. 

It io made from form 46. and shows all cast iron en^^ne and tender wl 
removefl account being defective. A separate record is naade for each 
and kind of wheel manufactured by the same company. The total mil 
ma^ie hy each wheel is shown in the column provided. 
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H. r. Fonn n 

RECORD OF THE SUPERINTENDENT OF MOTIVE POWEE 

AND MACHINERY OF ENGINE TRUCKAND TENDER 

WHEELS APPLIED TO AND REMOVED FROM 

EACH LOCOMOTIVE. 
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lE.P.Fona8t 
INDEX TO BEOORD OF 8TEEL-TIRED ENGINE TRUCK 

WHEELS. 



Loeofnotire Xo.. 



SoTL, — The information ealled for on tlus form should be 
froflL the Master Mechanics' wheel reports. When iriieels or 
the nuiTjber of same and date applied should be entered in the 
when removed the numbers shotild be cancelled and the date 

in the proper columns. 
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THE SCIENCE OF RAILWAYS. 



M. P. Form < 

MONTHLY REPORT TO THE SUPERINTENDENT 
MOTIVE POWER AND MACHINERY OF ENGINE 
DRIVING WHEEL TIRES APPLIED 
AND REMOVED. 



At. 



.^hop. During tlie montli of. 



..-19 



NoTR. — ThiB report should be made monthly by the foreman at each shi 
where enf^ne driving wheel tires are exchanged. It should be sent to the Sup< 
intendeut of Motive Power and Machinery on or before the twelfth day 
the following month. Special care should be taken to show the thickn< 
of all tires when applied, removed or turned. 





Diameter 
of Wheels 
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o 
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Serial Letter 
and Na 
of Tire 


DATE 


Thickness 
of TIN 
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U. P. Form SB 
INDEX TO DRIVING WHEEL TIKE KECOED. 



T hereon iibould be entered e 



wiled and the diiti 



No. ot « » KK D*t« Dote Na <>( u . r- ir Di^te Date 
Tire "A*"!- Applleil Eemo^'d Tlt-e "A.Si.K ippugd Bomov'd 
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H. r. Form SB. 
DAILY REPORT OF DISTRIBUTION OF SHOP 
LABOR OF EACH MAN 

back No — ~ — Name 
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SUPERVISION OF LOCOMOTIVES. 



SHOP FOREMAN'S MON'l-HLY EEPORT TO MASTER 

MECHANIC OF NUMBER OF MEN OF EACH CLASS 

OF LABOR EMPLOYED DURING THE 

MONTH AND WAGES PAID. 



POBOK EMFLOTED U 



OCCUPATION. 



Boils MalieiB, 
, Boiler Hakera' Apprentit 
' Boilsr Makers' Helpers, 



: Locomotive Depabiuknt 



BUekamitha' Helpera. 
Blacksmitba' Apjirenlice 



RbU Mill Cuiioge Men 
Kul i/TM Straixhleiien 
Snwycra, 
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■.F. P( 



6i 

MASTER MECUAVKTS MONTHLY BEFOBT TO SOPERINTBNDEMT OF MOnVB POWER AND 

MACUIMERT OF THE TOTAL NUMBER OF MEN OF EACH CLASS OF LABOR 

EMPLOYED ON HIS DIVISION DURING THE MONTH AND WAGES PAU>. 



ruBOB Bapu>nu> w ms umomutivb ocpabthknt pob tub Boirra bndum. 



_!•— 



UtCATtON. 



OOOOPATION 
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Dajn liar Wtak. 
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THE SCIENCE OF RAILWAYS, 



M. P. Form 6S 



REPORT OF BREAKAGES OF LOCOMOTIVE PARTS 



PILOT COUPLER 



Engine No ) Date found on inspection 

Cla.ss ) Date of failure 19—. Reported at. 



19. 



Note. — The location of all fractures should be indicated with red ink 
lines and the dunensions given to some fixed point. 

The questions relating to the fractures at the bottoin of this form should be 
answered as explicitly as possible and the report sent to the master mechanic 
for his signature, and he will forward it immediately to the Superintendent 
of Motive Power and Machinery. 




Kind of metal. 


REMARKS : 


Was there flaw at point of fracture? 


- 


Was there an old crack? 




Probable cause of failure. 


Master Mechanic 



SUPERVISION OF LOOOStOTJrES. 

U. P. Form H 
HEPORT OF BREAKAGES OF LOCOMOTIVE PARTS. 
PLATE COUPLER 

Engine No 1 Date toand on inspection - 19.— 

Claas. _-- ) Date of failure 19.... Reported at- 



be anawerod m eiplicilly as pooaibla i 
fur bu u^oature. and bo will forwarx 
Motive Power and Mochineiy. 



ib« bottom of tbiH form should 
irt Bent to tha mAHtAT uuwhuiia 
ately to tbo Superintondsnt of 




Kind if meiat. 

Was tliere flaw at point of fracture? 
Wae there an old crack? 
Probable cause of failure. 



\ 
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THE SCIENCE OF RAILWAYS, 



M. P. Form 63 



REPORT OF BREAKAGES OF LOCOMOTIVE PARTS 



PILOT COUPLER 



Engine No ) Date found on inspection 

> or 
Cla.ss ) Date of failure 19—. Reported at. 



19. 



Note. — The location of all fractures should be indicated with red ink 
lines and the dimensions given to some fixed point. 

The questions relating to the fractures at the bottom of this form should be 
answered as explicitly as possible and the report sent to the master mechanic 
for his signature, and he will forward it immediately to the Superintendent 
of Motive Power and Machinery. 




Kind of metal. 



Was there flaw at point of fracture? 
Was there an old crack? 
Probable cause of failure. 



REMARKS : 



Master Mechanic 



SUPERViaiON OF LOCOMOTIVEB. 183 

U.F.FoimU 

HKPOHT OF BREAKAGES OF LOCOMOTIVE PAETS. 
PLATE COUPLER 

Engine No I Date found on inspection 

\ or 
Class ) Date of failure _...19.... Reported at 

The locstjon □[ all frantures BhoukI be indiaated vUb red ink linn, sod 

The questioD* relatlog to the frHcturea nt the bottom of this form ■bould 

for hifl ju^TUiture, and he will forward it immediately to the 3up«i 
llativB Ptnrsr wid MMhinery. 




Kind of metal. 

Wag there flaw at point of fracture? 
Was there an old crack? 
Probable cause of failure. 



I 
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THE SCIENCE OF RAILWAYS, 



M. P. Form 63 



REPORT OF BREAKAGES OF LOCOMOTIVE PARTS 



PILOT COUPLER 



Engine No ) Date found on inspection 

> or 
Class ) Date of failure 19.— Reported at. 



19- 



NoTE. — The location of all fractures should be indicated with red ink 
lines and the dimensions given to some fixed point. 

The questions relating to the fractures at the bottom of this form should be 
answered as explicitly as possible and the report sent to the master mechanic 
for his signature, and he will forward it immediately to the Superintendent 
of Motive Power and Machinery. 




Kind of metal. 



Was there flaw at point of fracture? 
Was there an old crack? 
Probable cause of failure. 



REMARKS: 



Master Mechanic 



BUPBRVIBIOir OF L0O0M0TZVE8. 

M. p. Toim M 
REPOET OF BREAKAGES OF LOCOMOTIVE PARTS. 

PLATE COUPLER 

Engine No.— i Date found on inspection 

Class. ) Date of failure -19-. Reported at ..- 

Tbe tocntioD of all fnuturea ihould be indleatsd with red ink lioea, and 
the duneoflioas given to some fixed p<uat. 

TW questiana relatiOE ta tbe fractures at tbe bottom of this farm ahould 
be onairered as explicitly an possible and this report sent to the master 
(or his signaturB. nod he will forward it immBdialaly to the Superinl. 
Motive Power and MacUincrv. 




(^ 



Eiod of metal. 

Waa there flaw at point of fracture? 
Was there an old crack? 
Probable cause of failure. 



I 



184 THE SCIENCE OF RAILWAYS. 

M. P. Form S6 

REPORT OF BREAKAGES OF LOCOMOTIVE PARTS 



M. C. B. COUPLER 

Engine No. i Date found on inspection 

> or 
Class - ) Date of failure 19—. Reported at 



19 



Note. — The location of all fractures should be indicated with red ink 
lines, and the dimensions given to some fixed point. 

The questions relating to the fractures at the bottom of this form should 
be answered as explicitly as possible, and the report sent to the master me- 
chanic for his signature, andf he will forward it immediately to the Super* 
intendent of Motive Power and Machinery. 




Kind of metal. 


REMARKS: 


Was there flaw at point of fracture? 
Was there an old crack? 




Probable cause of feulure. 


Master Meehttie 



BUPBRVISION OF LOCOMOTIVES. 

M. P. Form M 
REPORT OF BREAKAGES OF LOCOMOTIVE PARTS. 
AXLE. 

Engine No. ) Datf found on inspection —19 — 

Class I Duteof failure 19 Reported at 



NOTK.- 

Unea, and the dicaensi 



1 rad ii 






H- 



Wm it driviog or truck axle? 



Dimenaion and, if possible, gketch of section at point of fracture. 



Kind ol MeUl 

Was itfront, middle or back axle? .. 

Was the metal homog«neoue 7 

Date put in service 

Was there flaw at point of fracture ? 
Probable eaose of failure 



I 



186 THE SCIENCE OF RAILWAYS. 

M. P.Fonn67 

REPORT OF BREAKAGES OF LOCOMOTIVE PARTS. i 

DRIVING BOX AND BRASS. 
Engine No i Date found on inspection 19...- 

Class ) Date of failure 19—. Reported at 

Note. — The location of all fractures should be indicated with red ink 
lines and the dimensions given to some fixed point. 

The questions relating to the fractures at the bottom of this form should 
be answered as explicitly as possible and the report sent to the master me- 
chanic for his signature, and he will forward it immediately to the Superin- 
tendent of Motive Power and Machinery. 




Pattern No. 



INSIDE FAOE. 




BOX 



Dimension and, if possible, 
sketch of section at point of 
fracture : 

Was it front, back or middle? 



Kind of metal 

Was there flaw at point of 

fracture ? 

Probable cause of failure? 



T — np 

I ll/^ll. 



BRASS 



Pattern No- 



Dimension and, if possible, 
sketch of section at poini of 
fracture: 

Was it front, back or middle? 



Kind of metal 



Was there flaw at poini of 
fracture?. 

Probable cause of failure?. - 



Master Mechanic. 



REPORT OF BREAKAGES OF LOCOMOTIVE PARTS. 
CYLINDER HEADS. 




Probable cauac of failure 



186 THE SCIENCE OF RAILWAYS. 

M. P. Form 67 

REPORT OF BREAKAGES OF LOCOMOTIVE PARTS. 

DRIVING BOX AND BRASS. 

Engine No J Date found on inspection 19 - 

[■ or 
Class ) Date of failure 19—. Reported at 

Note. — The location of all fractures should be indicated with red ink 
lines and the dimensions given to some fixed point. 

The questions relating to the fractures at the bottom of this form should 
be answered as explicitly as possible and the report sent to the master me- 
chanic for his signature, and he will forward it immediately to the Superin- 
tentlent of Motive Power and Machinery. 




Pattern No. 



INSIDE FAOE. 




BOX 



Dimension and, if possible, 
sketch of section at point of 
fracture : 

Was it front, back or middle? 



Kind of metal 

Was there flaw at point of 

fracture ? 

Probable cause of failure? 



/ 


on m 

> 1 • 1 

1 





BRASS 



Pattern No- 



Dimension and, if possible, 
sketch of section at point of 
fracture: 

Was it front, back or middle? 



Kind of metal 

Was there flaw at point of 
fracture? 

Probable cause of failuTe?..- - 



Master Mechanic. 



SUFBRVISIOHf OF LO00M0TIVE8. 187 

M.P.FonnU 
KEPOBT OF BREAKAGES OF LOCOMOTIVE PARTS. 
CYLINDER HEADS. 



leNo. - 



i Date found on inapeotioD 
Data of failure 19.... Reportedat— 



SoTH.— ThK lowtiqn of alt tra. 



9 indicBtcd with ml ink 



for his fiigna-ture, 



the fraclures nt the bottom ol thi> futm should 
saible. »ad the rflfKiTt sent to theTii4i3ler meohniilo 
forwurcl it immedislely to the Superi 




BA.CK HEAD. 



FRONT HEAD. 



Dimeneione and, 
Hketch of eectioc 
fracture. 

Kind if metal ... . 



Dimensions and, if poaaible, 
sketch of section at point of 
fracture. 

Kind iif metal 



flaw at point of 
10 of failure ... 



Uaat«r Hechuulc. 



I 



188 THB SOIEirCE OF RAILWAYS. 

M,7.FonnU 
REPORT OF BREAKAGES OP LOCOMOTIVE PARTS. 

EQUAI.EZEB. BQUAXJZEB STANDI SPBIMG BANOEB3. 

Engiae No — ) Date foucid on tospoctlon. 19 



I Date of failure ' 
II fracture 



-The kwBt: 

le dUnensioDs givea Cc 

i oa eitplicLtly aa poauble, and 

Motive Power and Machinery. 




> bottom of thit form 
immediately to the 3 



(S) 



^^>: 
















Bible, sketch of eeo- 


aible, eketch of MC 


















Kim) of iDCtBl. 




Kiod of metal. 


Kind of metaL 


















Probable oai 


B of 












fuluraT 



BUFERVISION OF LOCOMOTIVES. 

U, p. Form 7», 
K£PORT OF BREAKAGES OF LOCOMOTIVE PARTS. 
ECCENTRIC, ECCENTRIC STRAP, ECCENTRIC ROD. 

Engine No. Dale found on applieation 19 

Qm*. DotBof failure IS Reported at 



'tbe quefltioDA rdatluB tu the fraoMireB at the bottom of this form Hbould be 
KUawer^ as expUcitly a« poBnSb^e and the report eent to the master meohADio 
lor bis mgoBture. oncl he vill fumord it immediately to the SuperioteDdent of 
HoUve Vower and MaehLnery. 




3r 



3t 



Vas there llawatpoiuc 

i<{ fracture? 
Probable cause of fail- 



Kind of m 
Was there 

Probable ( 



Kind of metal... 
'Vsathereflava 

of traoturer.... 



( 
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THE SCIENCE OF RAILWAYS, 



M. P . Fonn 71 
REPORT OF BREAKAGES OF LOCOMOTIVE PARTS. 



SIDE ROD, MAIN ROD AND ROD STRAP. 



.19. 



Engine No. _ ^ Date found on inspection 

Class J Date of failure 19..^ Reported at. 

Note. — The location of all fractures should be indicated with red ink lines 
and the dimensions given to some fixed point. 

The questions relating to the fractures at the bottom of this form should be 
answered as explicitly as possible, and the report sent to the master mechanic 
for his signature, and he will forward it immediately to the Superintendent of 
Motive Power and Machinery. 




! I ^ 'i^^ !!<! r ' ;i 




nmni ■ 



r^ i I • ■ ' • 
(——\ 'I I III H-f 



rA\- 



i+r 



\ 



rs 



T 




r M il 



SIDE ROD. 

Front end, 

Back end 



Dimensions and if pos- 
sible sketch of sec- 
tion at point of 
fracture 



Kind of metal. 



Was t here flaw at point 
of fracture? 

Probable cause of 
failure 



MAIN ROD. 

Dimension, and if pos- 
sible, sketch of sec- 
tion at point of 
f rac t ure , 



Kind of metal. 



Was there flaw at point 
of fracture? 

Probable cause of 
failure 



ROD STRAP. 

Front strap, 

Back strap, 



Dimension, and if pos- 
sible, sketch of sec- 
tion at point of 
fracture. 



Kind of metal.. 



Was there flaw at point 
of fracture r 

Probable cause of 
failure. ......_...—. 



Master Mechanic. 



SUPER VISION OF LOCOilOTI VBS. 191 

M.r.FDTIIl73 

REPORT OF BREAKAGES OF LOCOMOTIVE PARTS. 
PISTON AND PISTON RODS. 

Engine No. ) Date found on inapection 19_. 

\ or 
_ ) Date of failure _...19._ Reported at. 




192 THE 8GIENGE OF EAILWAT8. 

M.P. FormTS 
REPORT OF BREAKAGES OF LOCOMOTIVE PARTS. 

VALVES, VALVE YOKES AND ROCKER SHAFT. 

Engine Number Date of failure 

Reported at 19^.. 

Note. — The location of all fractures should be indicated with red ink lines 
and the dimensions given to some fixed point. 

The questions relating to the fractures at the bottom of this form should be 
answered as explicitlv as possible, and the report sent to the master meohanic 
for his signature, ana he will forward it inmiediately to the Superintendent of 
Motive Power and Machinery. 



mmm 
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mz2zsns2zzzL 



ff?nffftt/irr. 
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^¥f 




VALVE. 

Pattern No 

Kind of metal 

Dimensions and, if 
possible, sketch of 
section at point of 
fracture. 

Kind of valve 

Kind of balancing 

Was there flaw at point 
of fracture ? 

Probable cause of fail- 
ure 



I' •* " N^l 



VALVE YOKE. 

Kind of metal.... 



Dim en s i o n s and, if 
possible, sketch of 
section at point of 
fracture. 

Was there flaw at 
point of fracture? 



Probable 
failure. .. 



cause of 



BOCK SHAFT. 

Pattern No. 

Kind of metal - 

Dimensions and.if 
possible, sketch of 
section at point of 
fracture. 

Was there flaw at 
point of fractore? 

Probable cause of fail* 
ure? - — — 

Master Mechanie. 



SUPERViaiON OF LOOOMOTfVEa. 

Ta-v.tovan* 
REPORT OF BREAlvAGES OF LOCOMOTIVE PARTO 
CROSSHEAOS. 

URD CROaSHEAD. TWO-BAH CliOSSIIEAD, 

Dftto of failure 

, 1 9__ 



Note.— Tlie location of all fracturBS Bbould be indjoatvd nith red ink Gnes 
and tbfl ditxkeiiaioiiH given to 4ome fixed point. 

ThequestiooB rduItDK to the fcactureant tlie bottom of lliia form 
anxwervd an expliuiUv as potuuble, and tbe report Bont to the master mecm 
for his (OEDature. and be will forward it immediately to the Superiutenden 
Motive i^wer and Maohinery. 
















Dimensions and, if 
possibla, sketch of 


Dimensions and. if 


Dimeneionsand.if 
possible, sketch of 
wctmn at point of 


Wae there Sawat point 


Wastheroflawat point 


Was t here flaw at point 


ProbableoauM of fail- 




".itr™"- -~ " 









Uuter lieohanie. 



194 THE SCIENCE OF RAILWAYS. 

M. P. Form 75 

REPORT OF BREAKAGES OF LOCOMOTIVE PARTS. 

CRANK PINS. 

Engine No J Date found on inspection 19..^ 

> or 
Class J Date of failure 19 Reported, at 

Note. — The location of all fractures should be indicated with red ink lines 
and the dimensions given to some fixed point. 

The questions relating to the fractures at the bottom of this form should be 
answered as explicit Iv as possible, and the report sent to the master mechanic 
for his signature, and he will forward it immediately to the Superintendent of 
Motive Power and Machinery. 



r. ■ ' » 





y 



•^t^r 






MAIM PIN. 



BACK PIN. 



FRONT PIN. 



Dimensions and. if 
possible, sketch at 
point of fracture. 



Kind of metal 



Was tliere flaw at point 
o f fracture ? 

Was there an old 
crack? 

Did fracture show 
crystalizution ? 

About how long in 
service ? 

Probable cause of 
failuic 



Dimensions and, if possi- 
ble, sketch at point of 
fracture. 



Kind of metal 



Was there flaw at point of 
fracture ? 

Was there an old crack? 



Did fracture show crystal- 
ization? 

About how long in service? 
Probable cause of failure. 



Dimensions and, if pos 
sible, sketch at poio* 
of fracture. 



Kind of metal 

Was there flaw at point 
of fracture? • 



Was there 
crack? 



an 



old 



Did fracture show 
c> ystalization ? 

About how long in ser* 
vice? - 

Probable cause of 
failure .^ 



Master Mechanie. 



aUPEBVISlON OF LOCOMOTIVES. 

M-p-Formr* I 
REPORT OF BRK^KAGES OF LOCOMOTIVES PARTS 
STAY-BOLTS. 



Nine.— TliiB renort should 
eh fln^ae rflBeiviag boiler re; 

Krhsnia far his li^sture, and .. _ 

ident orf Motive Power and HiuliiQery- 



' cooditian oC the lire-ba 

should be forwmrdad to 

ood he will forward it immediately to t 



e iodioated by a almle di 

on the diaiiranis Kiven below by n 
)y black ink lines. 
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M. P. Form 77 
REPORT OF BREAKAGES OF LOCOMOTIVE PARTS 

MISCELLANEOUS 

Engine No. ( Date found on inspection 19 

\ or 
Class ( Date of failure 19 Reported at ^ 



Hauling Section Train No.. 

REMARKS : 



Master Mechanic, 

Note. — ^This report should be used in reporting all breakages of locomotive 
parts for which special forms are not provided. 

A sketch should be made of the part broken and all fractures indicated 
thereon with red ink lines, and the dimensions given to some fixed point. 

The report should be sent to the master mechanic for his sl^^nature, and 
he will forward it immediately to the Superintendent of Motive Power and 
Machinery. 



^4 

BUPERVISIOtr OF LOCOMOTl VBS. IQT'^B 

M.P.PoimTt H 

EEPORT OF CONDITION OF LOCOMOTIVE BOILEB ^| 


1 ,.... ... ..„ m 




- ~ --■- ■ 


I.ABOKATOHY NoB. 


RBUARKtJ. ^1 




1 




■ 




■ 




■ 


.Note.— This re 

vided. * * °™ ""^ 
The condilioD 


ortehould show the condition of (he boiler of each, eugina .^| 

new patches should 1h iadiuted on the diasnms 0t«'^^| 
e><. and old notched by black ink Uoes. ^^H 
number of a^l new sheels must be shown in the apace pro- ^H 

f the Ere-box sheets should be bUowu on Form 70. ^^ 
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THE aCIENVE OF SATLWAYS. 



INSPECTOR'S RECORD OF INSPECTION OF STATIONARY 
AND LOCOMOTIVE FIRE-BOX STAY-BOLTS 

AT flHOP 



Note.— Stay-boll* 
in fliatioaary engiaes quarter] 
eDEine is alloweiTlo su into aei 

The infonnBtion called '- 



.rterly, aad aUtioltB fouQd defecdve replaced Iri 
ebould be 411ed in by the pi 



mtsis. or 

EfjlT BOLTS 



nsraoio&'s biqiitiiu 



SUPERVISION OF LOCOMOTIVES. 1B9 

M.P. Form 80 

LHSPECTOR'S MONTHLY REPORT OF INSPECTION OF 

STATIONARY AND LOCOMOTIVE FIEE-BOX 

STAY-BOLTS. 

It .Shop ..„__DiTigiiiN. Dcbiho thb hohth of IB 

Note.— A report of this fora 
Ml the fint Jay of the month faj 
JiurCerly for wl atationB-ry boileL_, . _, 

Botii reporta, after havitii? boea aietied in the 

iiviuon moeter raechuiic, who. after makiEu; ai 
"■ ■ ■ . . • ~ ^ ttniiTop 



lode in duplionte by _ ^ - 

ption of alf locomotive boQers. and 

e forwMded to the 



Hhoulrl b. 



t of Moli 
' boUers 



py of F< 



ii70. 



the othrr to th 
Tbe infarmitti 

" The uoint where they a 












Mficmi 




nsncTDB's UBUTuu 


iLi tuaas BUT- 




nmof 

nSFHTlDl 




Date 




1 


II 


11 


i 


at 


By 
Whom 
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M. P. Form 81 

INSPECTOR'S REPORT OF PERIODICAL INSPEC 
TION OF STATIONARY BOILERS. 



At Shope Division. Date 19... 

Note. — ^The annual inspection of stationary boilers should be made doriog 
the months of May and Jiine. Two reports of this character must be filled out 
and sifirned by the person making the inspection at the time and plaee raeh 
inspection iajnade. One of the reiKirts will be filed in the office of the master 
mechanic, and the other sent to the Superintendent di Motive Power and Madi- 
inery. 

The inspection will include the application of hvdroetatic pressure 25% 
above the working pressure carried. The water should be hot whm pressure 
is iM>plied. ^ This should be followed by a close inspection oi all plates, seaois, 
braces, fitting, setting, etc., and any defects discovered must be ranedied 
before the boiler is again put into service. 



B«ler 
la 



Location 



II 






i 



c 
o 



o 
o 



Repairs Needed 



Bate 



Signed. 



SUPERVISION OF LOCOMOTIVES. 



must ba tested 



ST.", 



teriy. 

Two reports of Chia ohnriLoter mimt be filled 
BUjdnii the iospecUaD s.( ths time S4id pLaee lucl 

the Tcportfl will be 61ed in the office of tbe iDati»r raecuniiuc, uui cse oina 
fofWAnled t^^ the Superintendent of Motive Power and Uubinery, 

When ptoam nu^es Are applied, extreme oofe must be tnkeo to provid 
■ larae ayphoo and to have Ihe snjne fall of water before tiinuBB the 8te« 
into the gnuee. Tbi^ Applies with equal force to the test nu^, 

A eepamte report abould be made for stationary boileri sod tbe point ■ 
wbicb they an; located should be shown hereon uid the ooniben piefized b 
ihel6tl«-'-8." 
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M. P. Form II 

1N8PE0TOB-S BEPORT OF OHANOES AMD BEFAIEtS OV STATIOtl- 
ABY BOILEBiJ. 




BIOMifflBWWtD 
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H. P. Form 84 

SHOP FOREMAN'S REPORT TO MASTER MECHAMIC OF 
VALVE MOTION OF ENGINES. 



rt should be mBde by ths fori 







203 THE SCIENGS OF RMLWAY8, 

M. P. Form M 

1N8FBOTOB-S BEPORT OF OHAMQES AMD BEFAIEtS OP 8TATI0N- 
ABY BOILEEUJ. 




ftnmni™ w atm 









♦ 


J—JL. 


_£— 


. 


r=n 


r 


= 


» 


J- 


«. 


tl= 


*r-t- 








' ' 






— 




~ 


— 


^ 


~ 




|; 


-I 


T 




u_ 






— 




— 


— 


— 


— 
























* 










. 













__ 


- * .L 


3 




























1 


,% 


M 












































































































































«- 




L 


























































































lij 


jcU 


]«. 









L 


1 




1 


1 


1 


L- 



SUPERVISION OF LOCOMOTIVES. 203 

M.F.Fann8« 

SHOP FOREMAN'S llEPORT TO M.\STER MECHANIC OF 
VALVE MOTION OF ENGINES. 



Note — ThiB report should bo amda by the fon 



^j^ 0M¥7¥//W 
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204 THE 8C1BNGE OF RAILWAYS. 

M. Y. Foim I 

MONTHLY REPORT OF EACH ENGINEER'S SERVICE, VL 

TOTAL MILES RUN BY LOCOMOTIVES UNDER 

HIS CHARGE, TONS HAULED AND 

FUEL CONSUMED. 



...Diviaion. For the month of.... 



...19. 



the fifteentb day 



SUPERVISION OF LOCOMOTIVES. 8M 

M. P. Form M . 

STATEMENT OF MILEAGE MADE BY EACH ENGINEER 
TO PINT OF LUBRICATING OIL. 



DIVISIOW. FOR THE MONTH 0F_.. 

—This report is (o be nude montbly by eoDb ratts 
lent to the t,moe^.^t th? SuperinlecdeDt at Motive Pi 



1 
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8VPERVISI0N OF LOCOMOTIVES. 207 

H. F. Fonn SB 
FOHM OF APPLICATION MADE BY THOSE SEEK- 
ING EMPLOYMENT ON ENGINES. 

Inbtbcctiosb. — All Ipplioation 



engnne 






ueh other 



■nplqy 



y be dulHnated b 



It will 



«, OD this blank, a 
oon report Co the Com, 
I ItiT physical ejcamini 



1 to befoti 



.ight ai 



tba 
"Th* 



BflDdinA one report tu the divisioa Aupermteudent or j 
the other to tbe ohief surgeon. A Tee of one doilor will 
■ueh exBCQiDstioDe. and the esme will be paid by the Ct 
pUcpjit is acoepted aa an employe, in whicb CHee, the an 
dedueted from hie vanBt. 

Note.— When this app 
the af>plioant may be allows 

ernploye. the written app 
most be obtuned. 






Oilt Name uid Addr«gs of Applieaat. 





D you for rapport or 












yn<i emplnyeHT 



9. 


^'^^ 


ow 


omi»ioD in the record: 


you left .elioal. 


niii..tS>r.lu 


NAME or EMPLOYER 
(Itthoempioyerwas a corpora- 

lluii':al9DDampanclEireaentai3dreBB 
of omclal under wbom jou serred.) 


mm 


hurt 


^^« 
1-mT 


FBOM 


TO 
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1 
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1 




















- 


- 


- 


































- 


— 


- 



























208 



THE SCIENCE OF RAILWAYS, 



10. Give below the name, address and occupation of your parents and other 
relatives. If any are deceased, give other nearest relatives: 



NAME 


OCOVPinON 


ADDRESS 


Father: 






Mother: 






Nearest Male Relative 
On Father's Side: 






On Mother's Side: 







11. 

12. 

13. 

14. 

15. 
16. 



Have you ever been discharged or suspended from any situation? 

state particulars, when and where 

Have you ever been injured? If so, when where 

how 



If so, 



and extent of injuries 

Have you now or did you ever have any litigation with any rsdlroad com- 



pany i 



Have you ever been in the employ of this company before? If so, state 
when, where, in what capacity, and cause of leaving 

Do you drink malt or spirituous liquors? 

Have you ever before made application for employment and been sub- 
jected to a physical examination? If so, when.»« 

where and by what physician was exami- 
nation made? 

17. Were you accepted or rejected? 

I hereby authorize this company and its officers, and the officers of any 
other company or firm by which I have been heretofore emplosred, to answer 
any or all inquiries as to my conduct and qualifications while in such service, 
and, so far as they may know, the cause of my leaving the same. 

In consideration of my employment by said company, I further agree 
that whenever I shall sustain any personal injury while in the service of said 
company I will allow its surgeons and any meoical examiners it may select to 
examine my person and body as often as the company may deem neoessarj' 
in respect to the alleged injury, and I hereby waive all objeotions to such sur- 
geons or medical examiners testifying whenever called upon by the companv, 
and I further agree that my refusal to allow any such examination to be maae 
or testimony to be given shall be a bar to the institution or prosecution of anv 
action on account of such injuries; and any action pending at the time of such 
refusal shall at once abate in consequence thereof. 

In further consideration of such employment I agree that if, while in the 
service of said company, I sustain any personal injury for which I shall or Boay 
make claim against the company for damages I will, within sixty days after 
receiving such injury, give notice in writing of such claim to the general daim 
agent of said company; which notice shall state the time, place, manner and 
cause of my being injured and the nature and extent of my injuries, and the 
claim made therefor, to the end that such claim may be fully, fairtjr and prompt- 
ly investigated ; and my failure to give written notice of such claim in the manner 
and within the time aioresaid, shall be a bar to the institution of any suit on 
account of such injuries. 

Signature of Applicant 

Address 

Dated at this day of 

% • * % * • 9 • • • • • • • • • • m * 9 • • • m 9 m • m m • XtJ m m m • 



SUPERVISION OF LOCOMOTIVES. 



.being Bmt duly 8< 

n the foreB<iLag appLioalloQ, that Aft 
■— — — — --1 quosliana lo aaid i 



~ ' Ifiiiaru'piMici' 

I hereby asknov^edge Tsodpt of a er>f>y of the rules atid rociuMionfl for 



hereafter made, and have had explaini 

s, Bignal postB. Bwitc 
.HeTDUsly elqse to the ^^,-_ 
1 avoid danger, wbicb I fully 



_, _.^ r Blaikdfl. round _._„ 

igernusly oloM to the traelu. uid tbM I ud required to loi^ 



I 



«ult of my eiusinati 



When plncpjl ftl a diBtance of iMnty {20) feet, from I 
Right eye »/. „ 



3. A. The applicant BelecU ekrans' numbered aa fcdlowa, as being of Uh 

sf* Th^oUomns an' l:^i"ng of the same color aa test skein B: 
C. The fciilDwinv a>. being of the same enlor as teHt skein C: 

3. The applicant hears the tick of a watch with the right ear at 

inches 1 with the 



ini any dixeHKc or disBbility 



if twenty (20) feet, the hearing is.... 

ind tW he does 



1 hereby certify ihai. having examined him for defecta of viuon. color 
■erception and hearing, uml tiirulber physical defects. I Snd himi qualifi«d t 
)(&qiuliflwi( 
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M« P. Form M 
MASTER MECHANIC'S NOTICE OF VACANCIES IN RUNS 

AND SERVICEl 
Division Date 19^ 

Note. — This notice is issued by the master mechanio whenever va«anoies 
occur for engineers or firemen. 

A copy should be sent to each round house^ foreman on the division and 
posted on the bulletin board or some other conspicuous place. 

Applications should be made for the position desired and forwarded to 
the master mechanic on or before the date specified below. 



ENGINEER OR 
FIREMEN 



BETWEEN WHAT POINTS 



Ail applications must be on file in the office of the master mechanlfi 
Tiot later than to. — 
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M. P. Form H 

NOTICE OF SUPERINTENDENT OF MOTIVE POWER AND | 

MACHINERY OF THOSE AUTHORIZED TO 

OPERATE LOCOMOTIVES 



No one other than Maatcr Mechanics, Round-House Fotcmeo, Koginen*, I 
Piremen or Hoallers taallovred la morr or opcTaie IIie lai^amailve engine* 
tbisCompany. All ottl^t employes are sIHclly forblddeo to do ». 

Any employe disobeying this order wilt be liable lo immedUte dli- 
<:barge. Master Mechs.iics and Round-House Fofraien are ioBtrucled to en- 

ot Ibia notice, to eiplfliii it carefully to them, to prixurc their acknowledg- 
menl Iheieot on Diiit blank nnd forward the same Immediately to the Bapeiin- 
lesdent of Motive Power and MKChlnery. 



ACKNOWLEDGMENT OF EMPLOYE. 
iliie haa this day been read and enplained lo mo by 



I agree to observe oarrioUy the In- 



212 THE SCIENCE OF RAILWAYS, 

M. P. Form 91 

FORM OF RELEASE TO BE SIGNED BY MINORS 

AND THEIR LEGAL GUARDIANS 

Vote. — This release mu5t be f umbhed in duplicate by aU minors before they 
are allowed to enter the service of the Company. It must be duly signed by 
the parent? or ii:uardian of the minor, witnessed by two disinterested persons 
and sworn to before a notary public. 

One copy of the release should be kept on file in the office of the ofiSdal 
under whom the minor is employed and the other forwarded to the Super- 
intendent of Motive Power and Machinery. 

WHEREAS, .who was 

years of age on the day of 



19. . .. if about to enter the employment of the 

RAILWAY COMPANY; and 

Whkrfas, the nature of such employment may from time to time be 

chanf^ed : 

TnEREFORE, IN CONSIDERATION of his being employed by that Company, 
in whatever capacity now or hereafter we, the undersigned, ^father and 
mother of 8aid minor, do hereby agree with said Ridlway Company that we 

have given the said .his own time and earnings, 

and that he is of sufficient capacity to discharge the duties of his employment, 
now or hereafter, and that he may at all times himself collect and receipt for 
his wages from said Company in whatever position he may at any time be 
employed, and that we will make no claim against said Company at any time 
for any wages or earnings of said minor in the emplojanent of said Railway 
Company, or for any injuries that he^ may receive during or in connection 
with said employment, or for any liability whatever on account of said minor 
or his employment. 

Witness our hands and seals at .this day of 

19 

Witness : 



[Seal.] 
..[Seai*] 



♦If there is no father or mother and there is a guardian, the word "guardian" 
should be inserted instead of "father and mother," and the release executed by 
guardian, 

I, referred to in the above rdease, do 

hereby certify that I was years of age on the day 

of 19.—, and that the dangerous nature of the buaness 

in which I am about to engage has been explained to me by the agents of the 
Company, and that I fully understand the risks I am about to take in entering 

the employment of the RAILWAY COMPANY 

as a 

Dated at this day of 

19 

Witness: 
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M. P. Form U 

CEBTIFICATE GIVEN ON COMPLETION OF 
APPRENTICESHIP. 

RAILWAY CO. 



Bas served *,a Appmnticeahlp as.... 

In the Sbopaof this Oomvt-Bf at 

Daring tbe peHod from „.... 



Time Employed 



OfFICBRS ENDS 


.a WHOM mPl^YBD, 


N»m. 


T1U8 







Sapt. U. P. And HuUnery. 



( 



THE 8CIBNCB OF RAtLWATB. 



LP.F< 



MA8TEE MECHANICS WEEKLY REPOET TO 8CPERIN- 

TENDENT OF MOTIVE POWER AND MACHINERY 

OF AVERAGE TERMINAL DELAYS OF FREIGHT 

ENGINES AND CAUSE THEREFOR 

DIVISION. 19_ 



It ^ould ihov in 



ua form of all such delays at the several round-lmiiaEs on the iviaion, shon- 
urinp tb« week and forward it ta Che Superinten^mt of Motive Pawar mid 
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216 THE SCIBNCB OF RAILWAYS. 

H. F. Form W. 

ENGINEER'S REPORT TO ROUNDHOUSE FOREMAN 

OF CONDITION OF ENGINES AT 

END OF E4CH TRIP. 

Note, — Ensiaeera must carefully iaapeot th«r enfl^nsi aSUtt each trip^ 



ported. No 



wlorei 



~"tbey will be held r«po~iuibie~(D 



t signed by the engineer 



D wiU b 



n verbal n 



...Jiftsr oareful inspectioiii c 
.._M., Date IB. 



Condition of Blow-off Coek.._ 

Safety Valve Ufts at 

Safely .Valve eeMs lit 



(lleverse side of above.) 



% 

1 



II 
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H. P. nrm M 

ENGINEER'S REPORT TO MASTER MECHANIC OF 
PARTICULARS OF STOCK KILLED OR INJURED. 

_ Division. 

Njrra.— This, report musl be inBdo by engineeui for all etook killed or in- 
to tbe 



Time KOcident DEC iirrBd __ — U., DMili«bt(«iii»*t.„™..__— » 

2. (Jumber and kind ol Blook killed or injurBd-^ , 

3. Plaee of aceidcnt .„__„ 

*, Waa Btook Btniok on h highway orouingr 

S. Ifio. was the proper croiuiugsiEnBlipven?. .Was engiBe bell ringiniJ.^ 

e. If accident fasppeoed on itatioa crouadi. mw it betnewi switobn or b 



I 






where the track wu MraisbtT If Be, f 






! alarm whistle oounded for 
what distance from stock?. ... 
rade7 Up or down? 



12. How raauy cars did you have in train, loaded or empty?.... 

13. How fur were you [rom stuck wlien first discovered? 






,ch side uf the engine did the stock come upon the track?. 

ticularly what eRort, if any. was mode to avoid the ai 



and give any infurmatioif you thtnic will be of value U> Ctunpauy. olMiT* 
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H.P.FaEmBS 

REQUISITION FOE AND INVOICE OF MATERIAL. 



Dma-Sir: 

REQUISITION ia hareby made for 



HequMtioD No.. 

LATEBIAL Oslled fo 





" 
















Siffn-H- 


n... 






_.D»te.... 


18- 


PP 


DatB 













NoTB.— ThiB blank shnuld ba uaeii in ordering material— the iiusntily 
!□« an Hand," "Due on Previous RBquiaitiDDH " and "Additional (Quantity 
intcd." and "Kind at Material" being enlored in tho proper piaou by the 
rsfin making the requialtion. 

Upon receipt of thia requisition, properly approved, the official upon whom 
la drawn will forward the material in aaBordanue mtb the directiona fiven. 
Ly item? which cannot be supplied at onoe sbould be drawn off. to be nhipped 

!>.i. — J .1 making the requisition prnmplly notified 

voiced to the proper person, at) dirocted. 
.MW.T..-K >..>.., ....■i. ....^MM^^t ...-<. ..^....Hr of car in which shipped and quantity, 
price and amoiuit in the ipwes provided. Before forwarding, this invoice 
■hould be copied in the record bnok of "Material Forwarded." 

"^ ' re accepting this invoice, the poraon receiving it ahould forward it to 

r in qiudily or quantity, the 






Quantity of Material 


KIND OF MATERIAL 


■MATERIAL SHIPPED 




■■I 


In 






ar 
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'pL"AflE''iEEp"iTTSi;'' 


dsatilj 


Prl« 


■^, 
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M. P. Form 99 

DUPLICATK 



NOTICE OF MATERIAL ORDERED. 



No. 



.19. 



The material called for below has been ordered} from above 

to be sent to at 

and to be invoiced to at 



offida 



Note. — This notice will be sent to the 
person who is to receive the material, 
for his information and use in checking 
the material when received. 



.Date.. 



19..- 





%r 




KIND OF 
MATERIAL 


«« 




•»» . 


ED 


QUANTI TT OF iHATSKlAl^ 




Now on 
Hand 


Dne on 

Previous 

Requisitions 


Additional 

Quantitj 

Wanted 




Date 


Cv 


IlMiN 

(UNiNd 










J 
















% 




« 




1 

: 


1 


i 
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H.P.FotmlH 

HECOED OF MATERIAL ORDERED. 



Rfiflotd of matflruJ ordered fTom abova named offlGuJ to be oa 














QcantitvofMateeml 


KIND OF MATERIAL 


Im VOICE Che OK so 
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ill 
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M. F. Form let, 
FOBM OP APPLICATION FOB EMPLOYMENT 
IN SHOP. 

Note. — Upon thia »ppUc»tioo the applioant may be pormittBd to enUr 



be HLaliDctly UDdemttt . _ . 

or 1>9 rseardwl an a regular employe, the 

Full name aod addreaa of applioant. 



anently inwtheeema 
3val ot the head ol tt> 



By who 



^u employed at preBeat f . . . . 



City.. 



Is any one dependent on you forHiipport? If »o. give partioiilsm. . 

What is the BoadiCioa of your general bealthr! !!!!.!!.!'.!'.!!!.! . 
Are you able-bodied? T,. 

Is your eveai^it aoodj '.'.'.'.'.'.'.'.'.'.'.'. '.'.'.'.'.'. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 
Are you abla to diBtinpuloh colors? ........,.-.....,....-..-.-. 






TIMCrSESTICB, 


N"*ME OF EmPLOVEH 

(ir Che amplojer was h corpora- 
lou, give nimeof such corporation, 

nmclal under wliom you serred.) 


biploJXKl 


plOTri.) 




mt 


?o 


Hit. 





















H»ve^gouever^b.en 



IB Company betora 7 If n 



live,. It»nyarede 


oessed. 


ive other uesreH rela 


ives: 










ADDRSHS. 


















,. 










8VPERYISI0N OF LOOOMOTIVES. KG 

Aro any of your relmivw in tbi- employ nt thia CotnpHnyf If «d, state who 

tiwy ore, and in what oapority employed 

Will you faithfully pcrtonn Buch duties as may be legally required of you by 

1 nhall sUBtain any porsguul injury while In the aerriiw of said eomjuiii^ I-iifll 

paraon and Iwdy bs nften aa the company may dSAn nBOBBjary in respect to 
tbe uJleged injury, and 1 hereby waive all objectiona to euch nurgeona or medi- 
□iners testifying whenever called upon bytha Bompany. and I further 



■ball at □□se abate in cuDsequenoe thereoFl 



DQElderatioi 



thirty days after receiving aitch injury, give notice in wriCiaff of such 
clBJm to the General Claim Agent of aiud eompsny; which nolica shall ntate 
the time, plaoe. manner and eause of my being injured and the nature r--* ~- 
tent of my isjuries, and tbe olaim mode therefor, to tbe end that suci 
may be fully, fairly and promptly investigated; and my failure to give 



cl^m in the nuuiner and"»rfthin the tinio.afnresaicf shall be a 
agree that 






{Alt applioaiion 
this blank in duplica 
employing officer v/il 



r 



m TBB SOISirOB OF RAILWAYS. 

M. P. Porm lU, 
FORM OF APPLICATION FOE EMPLOYMENT 
IN SHOP. 

NoTB. — Upon this »pplio«Uon the sppUcftnt may be permitted to entB 
the service on probation, provided there (b need for hia eorvices sod be hu 
pAAfled a BatiAfactory cxamin&tioD, by the hoad of the department, but it nupt 

or be regarded an a recular employe, the written approvtil of the bud of Ibi 
deportment muiiC be abtuned. 

Full muneand addresBof appUosnt. J 



What positlnii dn you dedreT 

What experience have you had in that 
By whom are you amployed at preaen 

No Street Tow. 

In what capacity are you employed al 



What" 



-nalt or enirituous liquors? 

ndition of your gennal health?. . 



u able-bodiedr.. 



ia your oyesiebt pood?. ....,..., 
Are you able to distineuiBb colora' 
Have you ever been injured? If k 



^mployed during the 1 



TiiMFmvicE. 


NameofKmpc.over 
(If the employer wa,5 u corpora- 
tion, glv« name of Billyh coruorayon, 
also name and PKEBKNT address of 
oRlelil under wliom you nerved.) 


KnplDjiid 


Rmploj. 


r- 


mt 


1U 


Htb 






!.«■ 

















where, in what capacity, and cause of leaving 

Give below the name, addreei and occupation oryour par 
tivea. If any ore deoeaaed, give other nearest relativt 



— UamE 




ADDRESS. ■ 
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8UPSRVISTQN OF LOOOMOTIVSS. BO 

An Kiiy of yaur relatives in bb« naploy cf this CoracBiiyr If so. atsMiAii 

they arc. and id what capoolty empLoyed 

WUI you fniihfiiUy^ perforin Buch duties tu mny be legally required ol you by 

IncoDdideratiotiDf myemulaymeDbhy BBidnompany, I &Brea thai wheoaver 
I oiull Bun^n any pcrBonol Injury 'While In the.aerrioe of eSd r»i]ipui]r IwOl 

Ihe'ttUEgft! iiijury,"Bn"(i f hereby wai^'nSobiMtionslo auoh aurgeoiui ot' medi- 
™l oiarainerH testilying ivhenovBr called upon by the flompaay, and I further 

w'b^ (DVen^^Iflbe II br"- ^"•^-^'-'^^■-"-™-"°-'-"-°-' • '™-- 

XiS"at onol abate Iq'^o™ 



Dtion peiidiDS at the time of luch refusal 



thirty days after reueirina Buch injury, idve i 

claim to the General Osim Agont of ewd compaL. , 

the time, plane, manner^ and sauae of my being fnjured and the 



end that 
cf BUch olaim 
certify that m: 



md promptly investigated; and my failure lc> give written 



I 



SiRiiature of Applicant 

(All Boplicalions for emplnvment in thTs Department must bo mnc 
this blank m duplioate. and when party enters 'he service of this eompan 
employing officer niil send both capira to the bead of the departmeat.) 
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THE aCIBl^OE OF RAILWAYS. 



Daily Distribution of I«abor for Manufacturbd Material Work. 

X. F. Form KX 



Chbck No _ Rate.... 

Occupation. 



.19.. 



Name. 



Hours 
Worked 



Pieces 
Completed 



Order No. 

Worked 

On 



Description of Work 



Machine 
Number 



FORSliAN 



To be used only for material manufactured at shops. 



SUPESVISION OF LOCOMOTIVES. 227 

H. P. ronn 105 
DISTRIBUTION BLANK FOR MArERIAL USED. 

- - - -.- SHOP. 



Folio of Distribution Book..-. 



aENEBAL DISTRIBUTION OF MATEBIAL BOOK, for the 



I 
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THE SCIENCE OF RAILWAYS. 



BS» P. Form '. 

DISTRIBUTION BLANK FOR LABOR PERFORME 



SHOP. 



Folio of Distribution Book. 



GENERAL DISTRIBUTION OF LABOR BOOK, for themon 



of. 



19 



Charged to 



NAME 



KIND OF 
SERVICE 



Folio 
Time 
Boole 



Time 
Worked 



RATE 



Detailed 
Amount 



Total 
Amonnt 



SUPERVISION OF LOCOMOTIVES. 

1 


3 

O 

< 
z 

g 


1 


1| 




3 


• 



i 



Ms 



Explanatory Note: This vulume is divided into two books, 
iz: Book I, "The LocomoUve, Engine Failures and Break- 
own»," and Book II, "The Motive Pov:er Department. " The 
tader nill note that following eai^h subject is the Soman numeral 

or II; these Dumerals refer tu the book in this Tolunie to which 
^ferenee is made. Thus: 

Locomotive, description of I 13 

leans that tbe item will be fonnd on page 13 of Book I. 

Locomotive, returns of condition of II 39 

leans that the latter item will be foiintl on page 3S of Book II, 

The Motive Power Department," 

.dvertising vncancies in locomotive service II 85 

.gent's report of time worked by switchyard crews. 

Form II 142 

.ids used in supervising tbe opera tioo and maintenance 

of locomotives 11 34 

mericaii Engine, steam locomotive. Plate I. /Hits I 61 

pplication of those seeking employment on engines- 
Form II 207 

ppreoticeship, certificate of completion of. Form II 86 

lie, report of Breakages of. Form II 186 

anking system of firing I 99 

lacksmith shop II 29 

lanks — See "Forms and Eshibits. " 

ogie (or pony) truck locomotive. Illlis I 22 

oiler conatruction, engine, report of condition of. Form. II 197 

longitudinal section of. Itlvs I 16 

material of I 30 

part section of, showing blower. Itlus I SS 

shop II 29 

steam generating capacity of I 24 

water in I 32 



234 INDEX, 

Boilers, inspecting and repairing, returns of II 77 

locomotive I 28, 29, 30, 31, 32 

stationary, inspector 's report of. Form II 200 

washing II 34 

Breakdowns — See * * Engine Failures " I 61 

Certificate given on completion of apprenticeship. Form.ll 213 

Chemist and engineer of tests II 24 

Coal consumed by locomotive I 27 

Coal ticket used on engines. Form II 157 

Compound cylinder, front view of. Illus I 49 

cylinder, section of starting valve and relief cock. 

Illus I 50 

Crank pins, report of breakage of. Form II 194 

Crossheads, guide bars in section. Illtis I 43 

report of breakage of. Form II 193 

Cylinder, action of steam in I 39 

end view of. Illus I 40 

heads, report of breakages of. Form II 187 

power required I 20 

Daily distribution of labor for manufactured material 

work. Form II 226 

report of distribution of shop labor of each man. 

For^n II 177 

Dampers, locomotive I 52 

Definition of what constitutes engine failures II 133 

Delayed time and overtime allowed engineers and firemen.II oS 

Description of locomotive ; . .1 13 

Details of locomotives , I 60 

Distribution blank for labor performed. Form II 228 

blank for material used. Form II 227 

(iaily, of labor for manufactured material work. 

Form II 226 

of locomotives II 8 

Division time book of locomotive engineers, giving particu- ■ 

lars of the service of each. Form • II 145 

Donkey engines, use of on locomotives I 33 | 

Draughtsman, chief II 23 ' 

Drawing oifice II 23 

Driving boxes and brass, report of breakages of. Form.. 11 186 

Dynamometer ear II 23 

Eccentric, eccentric strap, eccentric rod, report of breakages 

of. Form II 189 

straps and reversing gear. Illus I 46 

Eccentrics, purpose of I 45 

Employment, application for II 83 

Kugineers and firemen, keeping time of II 51 

Engineer's monthly report of time worked. Form II 143 

report of switching time. Form II 141 

report to master mechanic of delays on eacb trip. 

Form II 135 



INDEX. 

Ingineen' report to master mechanic of particulara of stock 

killed or injnred. Form II 

report to roundhouse foremaji of condition of engiaeB 

at end of each trip. Form II 

requisition for supphes. Form II 

Ungineera, traveling II 

Sngine failures and breakdowns I 

adhesion of locomotives I 

ailes, tires and wheels I 

bell-ringers, automatic I 

boiler, the I 

compound locomotives I 

draft appliances I 

failures, definition of II 

failures, returns of II 

frames and trucks I 

guides and rods I 

injectors 1 

lubrication I 

lubricators 1 

locomotive adhesion I 

rods and guides 1 

ateam and throttle coEneetions I 

throttle and steam connections I 

tires, uheeis anil asles I 

trucks iiDd frames I 

salves anil valie gear I 

Walschaert valve gear I 

wheels, tires and axles I 

ingine — See "Locomotive." 

Inginehouse register II 

register. Form II 

Engines — See "Locomotives." 

Equalizer stand, etc., report of breakages of. Form. . . .II 

Ivolution of locomotive, table showing I 

of the coal burner smokestack. iTlus I 

lihaust nozzles I 

^nres — See "Engine Failures" I 

'irebox, locomotive I 

Ire in locomotive, regulation of I 

'iremen, cs:amination of II 9, 25, 

promotion of II 

lues, function of I 

'lue sheets I 

orce pump, locomotive. lUus I 

pump, use of on locomotives I 

oremaD's monthly report to master mechanic of cast-iron 
truck anil tender wheels applied to and removed 
from locomotives. Form II 




236 INDEX. 

Foreman's weekly report of locomotives in shop. Form.. II 132 

weekly report to the master mechanic of locomotive 

boilers washed out. Form II 119 

Forms and exhibits used in the supervision of locomo- 
tives , II 103 

Forms, use of II 12 

value of II 103 

Foundry, gray iron and brass II 29 

Freight locomotive mileage II 96, 97 

Fuel used by engineers, returns of II 81 

used on locomotives, returns of II 62 

Fuse plug, boiler, lllus I 37 

Gauge cocks I 36 

Gauge, steam I 38 

steam, lllus I 38, 39 

water I 36 

Grate and damper. lllus I 52 

Grates, locomotive I 51 

Guide bar I 42 

Harmony in length, size and strength of rods and shafts, 

boiler and cylinder I 48 

Heating surface of locomotive , I 27 

Helping locomotive mileage II 96, 97 

Index to driving wheel tire record. Form II 175 

to record of steel-tired engine truck wheels. Form.. 11 172 

I ndicator I 44 

section of. lllus I 44 

Injector, function of I 32 

views of. lllus I 33, 34 

Inspector 's monthly report of inspection of stationary and 

locomotive firebox staybolts. Form II 199 

record of insi)ection of stationary and locomotive fire- 
box staybolts. Form II 198 

report of changes and repairs of stationary boilers. 

Form II 202 

report of inspection of air and steam gauges and safety 

valves. Form II 201 

report of periodical inspection of stationary boilers. 

Form II 200 

invoice, material. Form II 219 

Labor, shop, returns of II 74 

Lever, engineer's, in connection with reversing gear. lllus. 1 47 

Light locomotive mileage II 96, 97 

Link hangers I 46 

List of forms and exhibits, specific blanks II 111 

Locomotive and engine, difference between I 38 

boiler and firelDOx of I 18 

chart of. Plate I. lllus I 13 

coal consumed by I 27 



INDEX, 

LiOcomotlTe, componnd I 

cjliaderB of I 

department, teturns of II 

description of I 

detailed parts of I 

engineer's trip report of time worked. Form II 

front view of. /Jlua T 

heating surface of I 

lega, Irackbone, Innga and stomach of I 

legs, backbone, lungs and stomach of. lllva I 

inUeage II SB, 

mileafe and repairs, returns of II 

parts, breakages of, returns of II 

present I 

proeresB of through Khops II 

rear view of. IHw.,. I 

repairs at general sliopa H 

repairs, returns of tost of II 

repairs, suramary of II 

report — particulars of service and cost for repairs, sup- 
plies and labor. A summary of locomotive perform- 
ances. Form II 

sectional view of. Illus I 21, 

side view of. Illiu I 

sometimes spoken of as an engine 1 

statistiea II 

Bteam. Plate I. lUtis I 

truck. Illiis I 

wheels of I 

Locomotives, checking the reports of location of each loco- 

classes of I 

delays in handling at terminals — returns of II 

designing II 

details of I 

distribution of II 

employes authorized to operate II 

keeping track of each class in service on different divi- 

locating II 

maintenance of II 

repair of II 

returns of condition of II 

returns of cost of repairs of II 

returns of inspection of II 

returns of repairs to II 

shopping II 

supervising II 

wippd daily, returns of II 




238 INDEX, 

Maintenance of locomotives II 7 

M. C. B. coupler. Report of breakages of. Form II 184 

Master mechanic's monthly report to superintendent of 
motive power and machinery of condition of each 

engine on his division. Forin II 123 

mechanic's monthly report to superintendent of motive 
power and machinery of total number of men of each 
class of labor employed on his division during month 

and wages paid. Form II 180 

mechanic's monthly statement to superintendent of 
motive power and machinery of comparative cost of 

labor. Form II 178 

mechanic's monthly summary to superintendent of mo- 
tive power and machinery in regard to heavy repairs 

made on engines. Form, II 131 

mechanic 's notice of vacancies in runs and service. 

Form II 210 

mechanic 's report of cost of repairs on particular en- 
gines. Fornu II 130 

mechanic 's report of repairs made on particular en- 
gines. Form II 126 

mechanic's report to superintendent of motive power 
and machinery of condition of tools and machinery. 

Form II 206 

mechanic's ten days' report to the superintendent of 
motive power and machinery of engine failures. 

Form II 136 

mechanic's weekly report to superintendent of motive 
power and machinery of average terminal delays of 

freight engines and cause therefor. Form II 214 

mechanic's weekly report to superintendent of motive 
power and Hiachinery of the location of locomotives. 

Form II 120 

Material, invoice of. Form II 219 

notice of ordered. Form II 220 

ordering II 91 

record of ordered. Form, II 221 

requisition for. Form II. 219 

shop order for. Form II 222 

Mechanical engineer II 23 

Mileage, locomotive II 59, 95 

train IF 95, 99 

Minors, employment of II 86 

release to be signed by. Forvh .'.11 212 

Miscellaneous. Report of breakages of locomotive parts. 

Form II 196 

Mixed train locomotive mileage II 96, 97 

Monthly record of the mileage of each engine. Form,., .II 151 
record of repairs on each locomotive. Form II 153 



IKDEZ. 

UoDthl; record of superintendent of motive power aod-ma- 
chinery of the gross cost of delayed and overtime on 
eady division. Form II 

re(!iird of superintendent of motive power and macbin- 
ery of particiilara of each defective caat-iron engine 
and tender wheel removed. Form II 

record of superintendent of motive power and machin- 
ery of particularB (cause) of engine failures on each 
day of the month, farm II 

rei'ord of superintendent of motive power and machin- 
ery of condition of different elassea of engines on 
each division. Form II 

record of superintendent of motive power and machin- 
ery of condition of each engine od each division. 

report for division master mechHoic of mileage and 
iiost of repairs of each locomotive on his division. 
Form U 

report for superintendent of motive power and machia- 
ery of miles nm and cost of repairs of each engine. 
Form II 

report of each engineer's service, via.: Total miles run 
by locomotive under his charge, tons hauled and fuel 
consumed. Form .■ II 

report of fuel deiiveted at each point to locomotives. 
Form II 

report of locoiuolive mileage (cla.a9ifie(3J of escb en- 
gine. Form II 

report of partitulars of cost of repairs of each locomo- 
tive. Form H 

report of superintendent of motive power and machin- 
ery to the purchasing SRent of defective cast-iron 
nheels removed from locomotives and by whom made. 
Fonn 11 

report of total amount of oil and waste delivereil to 
locomotives on each division, form. II 

report to superintendent of motive poiver and machin- 
ery of engine driving wheel tires applied and re- 
mo el Form II 

report of the superintendent of niolive power and ma- 
chi ery of nhecls that have failed to meet guar- 
antees of n ikers. Form II 

statement f loi-omolive mileage on each division, 
Fo II 

ataten e t ot the tonnage haul of engineers and aver- 
age number of tons hauleil per train. Form II 

sun mar f 'barges to various operating accounts 

iter 1 nl labor account of engines on each divi- 

son I'o II 

»iu na J t 1 tl delivers J to locuinutives. Forui. ..II 



I 
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Monthly summary of superintendent of motive power and 
machinery of cause of engine failures on each divi- 
sion. Form II 138 

summary of superintendent of motive power and ma- 
chinery of the gross number of defective cast-iron 
locomotive wheels removed, made by different manu- 
facturers. Form II 167 

Motive power and machinery, care of II 16 

power and machinery department II 15 

Non-revenue train mileage II 100 

Notice of material ordered. Form II 220 

of Huperiutendent of motive power and machinery of 
those authorized to operate locomotives. Form,.. 11 211 
Notice, master mechanic 's of vacancies in runs and serv- 
ice II 210 

Officials of motive power department II 19 

Oil and waste ticket used on engines. Form II 160 

and waste used on locomotives, returns of II 64 

used by engineers, returns of II 81 

Ordering material II 91 

Organization of motive power department II 18 

Overtime, engineers ^ and firemen 's II 58 

Particulars of hours worked by each man, rate of pay, 

wages, and on what labor was expended. Form... II 218 

Passenger engines I 22 

locomotive mileage II 96, 97 

Pilot coupler, report of breakages of. Form II 182 

Piston and piston rods, report of breakages of. Form. . .11 191 

Pistons, metallic I 41 

velocity of I 23 

Plate coupler, report of breakages of. Form II 183 

'^Priming" I 30 

Ramsbottom, inventor of metallic pistons I 41 

Record, index to driving wheel tire record. Form II 175 

index to, of steel-tired engine truck wheels. Form. .II 172 
inspector's, of inspection of stationary and locomotive 

firebox staybolts. Fonu II 198 

monthly, of the mileage of each engine. Form II 151 

monthly, of repairs on each locomotive. Form TI 153 

monthly, of superintendent of motive power and ma- 
chinery of condition of different classes of engines 

on each division. Form II 125 

monthly, of superintendent of motive power and ma- 
chinery of condition of each engine on each divi- 
sion. Form II 124 

of superintendent of motive power and machinery of 

driving wheel tires. Form II 176 

monthly, of superintendent of motive power and ma- 
chinery of particulars of each defective cast-iron 

engine and tender wheel removed. Form II 166 
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BEcord monthly, of supprintendent of motive power and ma- 
ehinery of gross coat of delayed and overtime on 
each division, form II 

monthly, of superintendent of motive power Bud ma- 
chinery of paitieulars (cause) of et^giae failures on 
each day of the month. Form II 

of material ordered. Form II 

of mileage (doHsi&ed} and coat of repairs of each 
loeomotive. Form II 

of superintendent of motive power aud machinery of 
eugioe truck and tender nheela applied to and re- 
moved from eaet locomotive. Form II 

of superintendent of motive power and machiaery of 
Bteel tires on engine truck wheels. Form II 

train dispatcher's daily, of train movements. J^orm. .II 
Etegister, enginebouse II 

enginehouse. Form H 

Release to be signed by miaors aad tbeit legal gnardians. 

Form II 

Beport, agent 's, of time worked by switchyard crews. 
Form II 

daily distribution of shop labor of eaeh man. Form-II 

engineer's monthly, of time worked. Form H 

engineer's, of switching time. Form II 

engineer 's, to master mechanic of delays on each trip. 
Form II 

engineer's, to master mechanic of particulars of stock 
killed or injured. Form II 

engineer's, to roundhouse foreman of condition of en- 
gines at end of each trip. Form, II 

foreman's monthly, t« master mechanic of cast-iron 
truck and tender wheels applied to and removed 
from locomotives. Form 11 

foreman's weekly, of locomotives in shop. Form... II 

foreman's weekly, to the master mechanic of locomo- 
tive boilers washed out. Form II 

inspector's, of changes and repairs of stationary boil- 
ers. Form II 

inspector's monthly, of inspection of stationary and 
locomotive firebox staybolts. Form II 

inspector 's, of inspection of air and steam gauges 
and safety valves. Form II 

inspector's, of periodical inspection of stationary boil- 
era. Form II 

locomotive engineer's trip, of time worked. Form.. .II 

locomotive — particulars of service and cost for re- 
pairs, supplies and labor. A summary of locomotive 
performances. Form II 

master mectianlc 'a monthly, to superintendent of mo- 
tive power and machinery of condition of eneb en- 




/ 
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Eeport master mechanic's monthly, to superintendent of mo- 
tive power and machinery of total number of men 
of each class of labor employed on his division dur- 
ing month and wages paid. Form II ISO 

master mechanic's, of cost of repairs on particular 
engines. Form II 130 

master mechanic *s, of repairs made on particular en- 
gines. Forvi II 126 

master mechanic's, to superintendent of motive power 
and machinery of condition of tools and machinery. 
Form II 206 

master mechanic's ten days, to the superintendent of 
motive power and machinery of engine failures. 
Form II 136 

master mechanic's weekly, to superintendent of mo- 
tive power and machinery of average terminal de- 
lays of freight engines and cause therefor. Form. .II 214 

master mechanic's weekly, to superintendent of mo- 
tive power and machinery of the location of loco- 
moti vee. Form II 120 

monthly, for division master mechanic of mileage and 
cost of repairs of each locomotive on his division. 
Form II 155 

monthly, for superintendent of motive power and ma- 
cliinery of miles run and cost of repairs of each 
engine. Form II 154 

monthly, of each engineer's service, viz.: total miles 
run by locomotives under his charge, tons hauled and 
fuel consumed. Form -. II 204 

monthly, of fuel delivered at each point to locomo- 
tives. Foriv II 158 

monthly, of locomotive mileage (classified) of each 
ongine. Fortn II 150 

monthly, of particulars of cost of repairs of each loco- 
motive. Form II 152 

monthly, of superintendent of motive power and ma- 
chiniTv of wheels that have failed to meet guaran- 
tees of makers. Form II 169 

monthly, of superintendent of motive power and ma- 
chinery to the purchasing agent of defective cast- 
iron wheels removed from locomotives and by whom 
made. Form II 168 

monthly, of total amount of oil and waste delivered 
to locomotives on each division. Form II 161 

monthly, to superintendent of motive power and ma- 
chinery of engine driving wheel tires applied and 
removed. Form II 174 

of breakages of locomotive parts. Axle. Form.... II 185 

of breakages of locomotive parts. Crank pins. Form. 11 194 
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jport of breakages of locomotive parta. Crosebeads. Form. II 

of breakage of locomotive parts. Cflioder heads. 
Form II 

of bteakageB of locomotive parts. DriTitig box and 
brasB. Form II 

of breakages of locomotive parts. Eccentric, ecceatric 
strap, eccentric rod. Form.... II 

of breakages of locomotive parts. Equalizer Btand, etc. 
Form II 

of breakages oil locomotive parts. M. C. B. coupler. 
Form 11 

of breakages of locomotive parts. Miscellaneous, 
form II 

of breakages of locomotive parts. Piston and pistou 
rods. Form II 

of breakages of tocotaotive parts. Pilot coupler. 
Form II 

of breakages of locomotive psits. Plate coupler. 
Form II 

of breakages of loeomotiTe parts. Side rod, main rod 

and rod strap. Form II 

of breakages of locomotive parts. Stajbolts. Form. II 

of breakages of locomotive parts. Talve, valve yokes 
and roL-ker shaft. Form II 

of cooditiou of locomotive boiler. Form II 

of piece work performed by each froploje. Form... II 

roundhouse foreman 's monthly of engines wiped daily. 
Form II 

sbop foreman 's monthly, to master mechanic of num- 
l«r of men of each class of labor employed during 
montb and wages paid. Form. . .' II 

shop foreman's monthly, to master mechanic of par- 
ticulars of steel tired eogioe truck and tender 
wheels applied to or removed from locomotives. 
FoTm II 

shop foreman 's, to master mechanic of valve motion of 
engines. Form II 

shop foreman 's, of repairs on particular engines. 
Form II 127,128, 

storekeeper's monthly, to superintendent of motive 
power and machinery of delayed and overtime 
allowed engineers and firemen. Form II 

train dispatcher's daily, of engiue failure. Form... II 

weekly, by superintendent of motive power and ma- 
chinery to interested officials of total number of 
locomotives of each class on different divisions. 
Form II 

weekly, by superintendent of motive power and ma- 

cbincry of location of each locomotive. Form.... II 

equisition, engineer's, for supplies. Form II 
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Koqiiisition for anci invoice of material. Form II 219 

Kevenue, train mileage II 100 

Keversing gear. Illus I 46 

Roundhouse foreman 's monthly report of engines wiped 

daily. Form II 162 

Safety valve. Illus I 38 

purpose of I 37 

Safety plugs I 37 

Shop foreman 's monthly report to master mechanic of 
number of men of each class of labor employed 

during month and wages paid. Form II 179 

monthly report to master mechanic of particulars of 
steel tired engine truck and tender wheels applied 

to or removed from locomotives. Form II 171 

report of repairs on particular engines. Form 

II 127, 128, 129 

report to master mechanic of valve motion of engines. 

Form II 203 

labor, returns of II 74 

order for material. Form II 222 

Shopping locomotives II 20 

Shops, arrangement of II 26 

power in II 29 

visiting II 24 

Side rod, main rod and rod strap. Report of breakages of, 

Form II 190 

Smoke, black I 26 

Smokestack, evolution of. IlliLS I 25 

Speed, depending on velocity of pistons I 23 

Spreading system of firing I 53 

Standard parts, utilization of II 21 

Starting valve and relief cock, compound cylinder. Illus. .1 51 
Statement, master mechanic's monthly, to superintendent 
of motive power and machinery of comparative cost 

of labor. Form II 178 

monthly, of locomotive mileage on each division. 

Form II 149 

monthly, of the tonnage haul of engineers and aver- 
age number of tons hauled per train. Form II 229 

of mileage made by each engineer to pint of lubricat- 
ing oil. Form II 205 

Statistics, locomotive II 65 

Staybolts I 53 

report of breakages of. Form II 195 

Steam action of in compound cylinder. Illus I 48 

action of in single expansion cylinder. Illus I 39 

quantity of water converted into by pound of coal. . .1 27 

Steam Locomotive. Plate I. Illus I 61 

Stock killed and injured, returns of IX 89 

Storehouse II 29 
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Storekeeper's monthly report to Buperintendeiit of motive 
power and maehinery of delayed and overtime al- 
lowed engineers and firemen. Form II 

"SaburbaD engines I 

Summary made by superinteodeDt of motive power and 
machinery for general manager of total number of 
men of each class of labor and wages paid on whole 

road. Form II 

master ine(:hanic's monthly to the Huperintendent of 
motive power and machinery in regard to heavy 

repairs made on engines. Form II 

monthly, of cbargos to variouB operating accounts for 
, material and labor account of engines on each divi- 
sion. J^orni II 

monthly, of fuel delivered to locomotivea. Form. ...II 
monthly, of superintendent of motive power and ma- 
chinery of cause of engine fallnres on each division. 

Form 11 

montlily, of superio ten dent of motive power and ma- 
chinery of the gross number of defective cast-iron 
locomotive wheels removed, made by difEerent manu- 
facturers. Form H 

Supervision of locomotives II 

Supervisory methods of the motive power department aad 

their extent and usefulness II 

Switching engines I 

locomotive mileage II 96, 

Ticket, coal. Form II 

oil and waste. Form II 

Time, engineers' and firemen 'a — keeping II 

shopmeo 's — keeping II 

Tires, driving wheel— returns of II 

Tonnage hauled by engineers, returns of II 

Tools and machinery, returns of, condition of II 

and supplies, locomotive — returns of II 

Track, hospital II 

Train dispatcher's daily record of train movements. 

Form II 

daily report of engine failures. Form II 

Train mileage II 95, 

Traveling engineers it 

Tubes, boiler I 

Valve motion, locomotive — returns of II 

yokes and rocker shaft. Heport of breakages of. 

Form II 

Water in boiler I 

too high or low in boiler I 

Weekly report by superintendent of motive power and ma- 
chinery of location of each locomotive. Form. ...II 
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